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- ABSTRACT ' C

Three studies were designed to investigate the usefulnees of-liquid sulfur dioxide (SOZ) as
a grain preservatxve In experiment one, a 1% \wt/wt) SO appltcatnon rate did not .
‘ effectlvely preserve high moisture barley (HMB, .30 to 32% moisture) for large scale (69
1), near, anaerobic, storage.. Heatmg and mould growth resulted in 30% loss of grain )
through spoilage. The treated gram ‘was preserved successfully for 9 mo with small scale
. (700 kg) aerobic storage, \Monsture migration and resultant loss of molecular SO2 via
bmdmg with protem sugar and lignin components of the: gram were probably the major \
' cause for failure in large scale storage. A second ‘experiment was conducted ?

investigate the feeding value of 502 treateld HMB for cattle. Féediﬁg S0, treated HMB

to lactating dairy cows for 6 wk at 356% of the diet (DM basis) was not detrimental to
performance, milk taste or odour (P>0.0'5) Feedlot steers fed a thiamin supplemented

(5.5 mg kg‘l DM) diet containing an 85% DM inclusion Aevel of, SO2 treated HMB, had

10.1% lower DM intake, 31% lower average daily, gain (ADG), and required 21% more

DM per kg of gain than those fed thtamm supplemented dry or ensiled HMB diets

(P<o0. 05) The results of the feedlot trial were confounded by the feeding of spoxled SO '

’

treated HMB at approxlmately 40% of the.diet (DM basxs) between day 29 and 57 of the

96 d trtal Four steers fed SO treated HMB developed poli encephalomalacxa in this
period. “The feeding value of SO treated HMB for pigs was xamlned m expenment 4
of the dlet for 28 d, ‘was o x

+

Jved a HMB based dlet .

three, ‘Feeding of S_%O2 treated HMB to weanlmg ptgs, at 47%
not detrimental to performance (P>0.05). 2 effeetiVely 'pr
'rfor 18 d at 16°C, but 61% of the dnetary thxamm was destreytd b 7 d after mlxmg the e

ratlons Growmg—ﬁmshmg ptgs fed SO2 treated HMBflo 85 Kg had a 9. 8% lower feed

mtake—and—{H)% low*er—A G than pigs fed the HMB control diet. The reduced

performance of growing-fir g pigs fed SO treated HMB was due pnmanly to . " .

thiamin depletion.. Reduced ration palatabthty and tpxlcologlcal ef'fects on the dlgestwe

tract due to 75% 802 treated grain in the’ dtet (DM basis) may have also cont,nbuted to .
the reduced performance of growmg—ﬁmshmg pigs. It was concluded that the use of' SO
‘as a grain preservattve cannot be recommended ‘ ' [ -
e N o .
: . )
o - 4,‘ / X .
% \4 ' .
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) I.. INTRODUCTION -

In many parts of the world, a short growing season and/or adverse weather conditions at
harvest make it necessary m harvest grain before it has been field-dried. Unless
urliﬁciz;lliy dried, such high moisture grain (HMQ) is traditionally ensiled or preserved
chemically with a grain preservative (GP) in order to prevent spoilage.

\ Fungi (moulds) are the principal cause f)f'spoilage in gri\ir}}g/\lberta Agriculture
1984). Changes that occur in grain as a result of fungal invasion include: (‘l) loss of
gérminntion (2) heal damage and mustiness, {3) possible production of mycotoxins, and
(4) loss of nutritive value (L ynch 1972), Consumption of mould contuminated feed by
livestock is thus undesirable as it will often cause reduced feed intake and animal
performance, as well as gossible liver damage (JoneS»eL ‘ul. 1974). Furthermore,
prolongéd intake of mould contaminated feed by livestock can result in mycotoxin residue
in meat and milk (Jones et al. 1974; Mertens 1978). oo

Grain preservatives were devéloped as an alternative to artificial drying of HMG,
Ias their antifungal activity enables HMG to be stored acrobically without spoilage (Jones
et al. 1974), Their use first began in the late 1960’s in Europe and in the early 1970’s
spread to Canada and the United States (Christensen and Sauer 1982), ‘

The most widely used GP have been propionic and acetic acids and their mixtures
((,ampbell 1972; Jones et al, 1974). These organic acnds have been shown to be effective
in inhibiting mould growth and do not adversely effect _the feeding value of the grain
(Livingstone et al. 1971; Ingalls et al. 1974; Jones et al. 1974), Nevertheless, their use
as GP .has not been extfensive due to corrosion of metal eduipment, safety ‘precautif)ns ‘
required to prevent inhalation of acid fumes, and acid cocht to the hands and eyes
(Jones et al, 1974). Additionally, a pracucal appllcatlor; system Wthh ensure$ even

application of preservauve at the requlred apphcatnon rate is lackmg (Campbell @72

Jones et al, 1974; Harrlson 1985). Present.ly, organic acids are considered too expensive

for routine use (Mathison et al. 1985).
Alkali treatment with _Mmoni;x (NHB) (Bothast et al. 1973; Laksesvela 1981) or
sodium hydr oxlde (NaOH) (Bothast et al. 1975; Berger et al. 1981) has been shown to be
effective in cont.rollmg microbnal prohferauon in moist grain. . Alkali treatment has an
additional bcneﬁt of i mcreasmg fibre digestibility in ruminants (Orskov et al. 1980 Low
and Kellawuy-:%l.g)Sli). However, both ‘NH3 (Peplinski et al. 1978) and NaOH (Orskov
}979; Prinére“:ez'al. 1983) treatments have resulted in grain handling problerﬁs due to

E S 1

o~ ——



bridging and clumping., Pringlo et al, (1983) did not recommend NaOH preservation

since it signiﬁcantly redubéd protein digestibility of high moisture barley (HMB) for pigs

‘and rats, Further concern pertaining to the use of NH, as a GP is that it inhibits mould

grmi'tf; but ndt bacterial growth (Jones et al, 1974), »

The need for economical and effective GP remains, not gnly be(‘uulso weather
conditions may dictate emergency harvesting, but also because: |
1. ‘HMB may have some potential yield udvam.agés which have ranged from 6.7 o

19,7% on a dry matter basis (Krall 1972; ‘Muri 1981; Kennelly et al, 1984),

2. Grain drying is expensive, -particularly at moisture levels in excess of 25% (Sauer
1972), and il‘wkes little time for spoiluge to begin when on-farm drying capacity is
exceeded,

3. Oxygen limiting silos used for ensiting HMG require a high capital investment,

4. Chemically treated HMG should be rolled or ground before storage ip pit or bunker
silos in order to minimize sppilage losses (Merrill 1\{)71; Krall 1972}. Such
processing can create problems at“harvest, however, since the rate of rolling or
grinding is often slower than the rate of combining (Windels 19:/2).

5. Diets based on HMG need to be mixed on a daily basis and fed in amounts which
can be consumed within 24 to 48 hr, depending on environmental temperature, W
prevent heating and substantial mould growth (Livingstone and Livingston 1970;
Jones et al. 1974; Brooker et al, 1981).

Sulfur dioxide (802) is a chemical that warrants consideration as a GP, Its
antimicrobial activity is well known due to its Jong history as a preservative in the food
and beverage industry (Schroeter 1966). In animal feedstufTs, the first use of ?OZ as a
silage preservative was in 1885 (Watson and Nash 1960), lr\u the early 1950's S()2 was
shown to be an an effective silage preservative, cutting fermeyntation losses in half
(Kennedy and Allred 1953); and, when SO treated snlage was fed to lactating dalry
cows, it had no adverse effect on performance (Knodt et al. 1952 Dufour et al. 1954).
However, due to the obnoxious properties of the gas, SO’2 was never used other than
under experimental cpnditions (Woolford 1984). The salt of SOZ’ sodium metabisulfite
(Na28205), was promoted as a silage ‘preservative in the later 1950’s as it was easier to
apply, safer to handle, and more economical than 502 (Bratzler et al. 1956), but it was

not consistently effective and was believed to reduce palatability (Woolford 1984). More

.



“

recently, Mathison et al. (1979; 1984) re-examined ﬁhe usefulness of 802 as a sila‘ge
preservative because: (1) past research showed favourable resul.ts.with SOy, (2) the
liquified gas is now more easily applied, and (3) a large and inexpensive supply of 802 .
exists in central and western Canada. They determined SOZ'to be a géod silagé
preservative for legume and legume/grass silages when a‘pplied at rates of 0.36-0.66%

(wt/wt basis), and that the feeding of such tregted silage had no adverse influence on
P

~y

steer performaince. ‘
As a silage preserj-ative, SO2 is valued for: fl) ‘reducipg fermenu;tion losses as
. measured by organic acid and NH3 nitrogen levels (Knodt et al, 195?; Skaggs and Knodt
1962;. Petrosyan 1967; Mathison et al, 1979) and (2) enhancing conservation of
water-soluble carbohydrates (Khodt et al, 1962; Petrosyan 1967; Mathison et al, 1984),
While it has been reported tha£ ‘SO2 fs an effective microbial growth inhibitor in
low temperature grain drying sy:stems (Wﬂ‘ et al. 1979; 1983), only one study has
; examined its usefulness as a ‘GP, Mathison et al, (1985),showed that SO2 has potential
as an effective and economical GP and that the feeding value of 302 treated HMB for
feedlot steers compares favourably with that of dry barley,
The studies described herein were designed'to investigate the efficacy of 802 as a

GP and, to examine the influence of feeding SO2 treated HMB on the performance of

pigs, lactating dairy cows and feedlot cattle,
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A

Il. EFFICACY OF SULFUR DIOXIDE AS'A GRAIN PRESERVATIVE

. A. INTRODUCTION ,
.Chemical preservation thh grain preservatnves (GP) is an alternamve to ensiling
or drying hlgh moisture grain (HMG) The most widely used GP have been propnomc and
aceuc acids and their mixtures (Campbell 19:72; Jones et al. 3974). These heve proven
to be effeétive but ,coet and convenience militate against their routine‘u‘se.-
The antimicrobial activity ef sulfur dioxide (802) and its salt, sodium
metabisulfite, is well known‘ due to its long history as a preservative in the fooa and
beverage industry (Schroeter 1966). As a silage additive, SO'2 enhances conséryetion of
wniater—eolgble cart;ohydrates (Knodt et al, 1952; Petrosyan 1967; Mathison et al. i984)
and reduces fermentation as measured by organic acid and ammonia levels (Knodt et al.
1952; Skaggs and Knodt 1952; Petrosyan 1967; Mathison et al. 1979).. SO‘2 is also |
valued as a microbial gfthh inhibitor in low temperature grain drying systems (Eckoff
et al. 1979; 1983). | ' |
) A readily available and inexpensive supply of SO2 in central and westem Canada
"' warrants its investigation as a GP. The objective of this experiment was to determme

the efficacy of SO2 as a GP, on the basis of chemical and microbiological characteristics

of SO, treated high moisture barley (HMB).
B. MATERIALS AND METHODS

Barley treatment end storage .
HMB (30—32% moisture) was ensiled in a Harvestore® silo (control), or treated ‘
with 1% (wt/wt) SO2 as it was augered into storage. qumd SO was applied from a
pressurized cylinder via a plast.nc tube (1.29 cm i.d,) through ahole made 1 m from the
auger boot. SO2 flow rate was regulated by the cylmder needle valve, on the basxs of
wexght change of the SO2 cylmder as momwred by a dxgltal readout platform scale ‘An

-1

. 802 flow rate of 5 kg min~~ was maintained with a 500 kg mm ﬂow of barley through

the auger. 'I‘reated barley was smred ina 69 t capaclty upnght. bag (3.7 m hexght 56 &
m dnameter) woven of polyester (12 mxl) th.h 4 mxl of polyethylene :coat.mg ‘(Nilex

Geotechmcal Products Inc Edmonwn) and resemblmg a convermonal t.ruck tarp.” The
)
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bag was sup”ported irl»a steel grld cage (Aktieselskabet SORENCO, dovre, Denmark). ) o
The smrage system was ‘near anaeroblc slnce t.he material used foﬁ»—uprlght bag had .
‘an oxygen permeablllty (at 25 C) of 42 5L m" day , approximately five timea rnore :
y permeable.w oxygen than the 8.5 mnl polyethylene used in the manufacture of someﬂ
) silage bags. Prior to ﬁllmg, three thermocouples were put'in the centre of each storage
structiire using plastlc condult to fix them in place at three different depths top, middle
and bottom, Temperatures of cohtrol and treated HMB were monitored dall) for 30 d

using a portable thermocouple temperature indicator (Balley Instrument, Model Bat 8

Saddlebrook, NJ).

| Cher:;icgl anslyses ‘
ﬁ:tty samples were selected at harvest, bin opening (74 d post filling) and at
intervals thxoughout a total slorage time of 9 mo, Sam‘ples were.froaen immediately and
swred at ~22°C upyl dnalyzed. . t ‘
| Dry mat,tef"(DM) was determined both by oven drymg at 110 C for 24 h (AOA(,
1980) and by gas chromamgraphy (GC) (Fenton et al. 1981) usmg am Aerograph 660 gas
chromatograph. Methanol (MeOH) rather than ethanol was.‘used for sample water
extraction sihce this is the preferred alcohol for eXtrahdné \\later from HMG (Fent,oll et
al. 1981). To ensure complete extraction of water, barley was rolled before addmg

*

MeOH ‘and samples were shaken continuously for 48 h. . .
’ Volatile fatty acids (VFA) ethanol (EtOH) and furfural were determmed by GC
Between 9 and 10'g of rolled HMB were put into a 50 mL test tube. To thls was added.
20 mL of deionized water, 2 mL of 0. 2% (w/v) n-caproic acnd as an mternal standard,
and 0.5 mL of 25% phosphonc acid. Tubes were fitted thh screw caps and shaken

",é& contmuously for 12 h at room temperature. Two mL of thls extract. were centrlfuged for

-

5 min (17 000 xg) and the supernatent wgs used for GC vanalysts. A standard
coﬂt,ammg EtOH acetate, propxonate n-butyrate and furfur;l with n—caproit acid a&ﬁn
internal standard was prepared in 25% phosphonc acxd and made up to volume with
delomzed water A Varian 3700 gas chromatogr h equlpped with a ﬂame ionization .
* detector and an OV 351.30m (0.25 mm i.d. ) fused silica cap:llary column was used for

chromatographxc analysis. Condmons were as follows: oven, programmed temperawre

., ¢ ~1.

rise, from an initial 80°C for 2 min, at 15°C' ‘mm mcreasmg to 180°C and held for 2 L {3



min; mjector, 170 C detecwr ‘?90 C carrier gas N2, with a ﬂow rate of 1 mL min ,1;

\

detector gases air and hydrogen at. 300 and 30 mL min"} flow rates, respectlvely
Lactlc acid was also determmed by GC. To 5 g of frozen rolled HMB placed ina /

,J {

50 mL test t.ube was added 20 mL of MeOH and 3.mg of n—capronc acxd as an mternal

‘.
[

lstandard Tubes were sealed and shaken contmuous?ly for a 48 h extractaon and

. equlhbrauon One hundred uL of 3N NaOH in MeOH was added to 0.5 mL of extract

: wlth the sodlum lactate salt recovered by evaporatmg to dryness under N2 at 70 (O
Estenﬁcatlon to. mebhyl lactate wasTachneved by adding 0.5 mL ol‘ 3N HCl in MeOH to
"reduce the pH w 4-—5 and then by heatmg the ‘capped tube for ,20 min at 100 C. o
Duphcate 1 uL lnjectlons were made after the salt had settled. :GC condmons were
similar o chat used for VF‘A determinations with the exceptlo‘n that the oven

LI . . -‘.‘

' temperature was progra med from 80°C and held for 2 mm then mcreased at 20°C -

Ammoma mtrogen (NH ~N) and pH we're determmed in an adueous extract ‘
| .derlved from 1-3 g rolted barley samples ’I‘wenty mL of delomzed water were: used for Hm‘
the L2 h extractlon whlch was’ done at 5 C with conunual shakng NH3—N was
' measured by £he method of Fawcett and Scot.t (1960) usmg a dlppmg probe colonmeter
(Brmkman PC 800) fitted with a 600 nm ﬁ]ter e ) ‘ ’

: All barley samples were freeze—dned and ground o a homogeneous powde;
through a 0 5 mm mesh pnor to sulfur (S), acnd det.ergent ﬁbre (ADF), and acld
detergent msoluble mtrogen (ADIN) determmauons Sulfur was determmed using a
LECO Sulfur Determmator SC132 (St. Joseph MI). Duphcat,e samples of O 2 "t0.0.3 g
' 'were mcmerated at 1370°C in an oxygen atmospl'rere Vanadium pentoxide was used as
a combust.xon catalyst. Monsture and dust were removed using a magnesxum perchlorate
drylng tube evolved SO2 gas was measured by a solid state mfraned detector, Cxtrus
leaf (Nat.lonal Bureau of Standards #1572 Washmgton, D C.) and coal cahbratlon
standards (LECO #501-001, St. Joseph, MI)‘were used as standards. ADF and ADIN .
were analyze_d accordin'g 0 Goerlng and Van Soest (1970). | '

'



'"Mncroblolbg’lcal o . - I - o |
Mncroblologlcal analysls of samples taken at bin opemng (74 d post ﬁllmg) and’ l

., mo later (day 102) was conducted Fung1 (yeasts and moulds) and bactenal populatnons

"of fresh samples were estimated by pour plate technique, similar to the.t used for\ the

‘ bacteriologi‘c examination of milk (l{ichardson 1985). Fresh weight, 1 g ssmple‘s were

diluted with 9 mL of phosphate buﬁ‘er pH 7.2 (Bacto-FA, Difco Laboratories) and

~2 B

‘agltatled One mL allquots of four dilutions (10 1 10 , 107 ) were plated usirg’

Bacw Plate Count Agar (Difco Laboratones), pH 7.0, and then mcubabed at 35 C for ', '
48 h. Anaeroblc counts were obtamed by incubation m an anaerobnc jar wnth a CO »HZ
gas generating kit (Oxoid, Basmgsvoke,q England). Fungal population was esumated‘ by

colony morphology,

i

!

) Statlstlcal analyses
‘ Barley temperature and chemical dat/a were sub_]ected to one way analysns of
. variance (Steel and "I‘orne 1980). Relatlonshlps between ‘selected chemlcal
characteristics, especxally fermentatlon products were determmed by Pearson correlauon ;o

coefficients’ whnle lmear regressnon between time ‘and chemlcal characterxstncs were

calculated for~ SO2 treated'HMB (Steel and Torrie 1980).

C. RESULTS AND DISCUSSION
B;;rley temperature during storage
S‘O2 treetmentdecreased (P<0.01) mean maximum barley temperature by.‘\l,l"(‘?‘ ‘
\(Figure II-1). Mathison ‘et al. ('19‘84)'rep‘orted mean- ma:rlmurn sils‘ge temperatures ‘
decreased by 2: 5 and 4.6°C compared with untreatechontrols for alfalfa/bromegrass and
barley sxlages treated with 0. 33 and 0.40% SO (wt/wt) respectnvely Mean maxlmum
_temperatures were 39. 0 and 37 9°C for the control and SO2 treated HMB respect:vely,.
- approximately 10.5°C higher than barley temperatures measured on the day of ﬁllmg
' Treatment did not mﬂuence the number of days at whxch temperatures stayed mthm
: 1°C of t.he maximurm -but did mfluence the number of days after filling at whlch
P

maxnmum temperature ‘was reached Mean maxxmum temperatures occurred 6to 11

and 14 to 19 d after ﬁllmg for control and 802 treatments respectwely (Frgure II-l)



: Observed lower maximum temperature and delay in fermentatlon for 802 treated HMB
are’ consnstent with the results obmlned prevnously thh SO2 treated snlages (Knodt et al.

1952; Petrosyan 1967 Mathlson etal 1979; 1984).

Chemlcal charactenstncs of barley
Chemlcal charactenstlcs of SO treated HMB after 74 d of storage (bm openmg)
reflect its actlon as a fermentatlon mhnbltor (Table II~1) EtOH concantratlon was
significantly reduced (P<0 001) by 802 treatment; from 20.6 to 0 8-mg g DM in the.
ensiled' and SO treated barleys, respectxvely The EtOH content of the HMB control
i was within the range of 4 to 22 mg g DM reported by others (Windels 1972; Goodnch
et al. 1975) 802 treatment also reduced acetate (P<0 01) and lactate (P<0 05) levels
in HMB Propionate could not be detected in either barley sample. Thns is consnstent
with' otker reports where either no or trace amounts of propionate were measured in
HMB (Sogn 1973; Flipot and Pelletler 1980). |

\

Despite’ reduced fermentation in the SO2 treated HMB, chemlcal treatment .

reduced (P<0. 001) pH from 5 7 in the control to 3.3 in the treated HMB. The solublhty .

of SO2 in the free water of the barley results in the formatxon of sulfurous acid (1{2803)

and the dissociation of this acid to hydrogen ions and elther blsulﬁte (HSO -) or sulfite
(so-) S B Vo
Ammoma—N was ‘lower (P<0 05) in the 802 treated than in the ensiled HMB
measuring 78.1 and 96 lugg . DM respectlvely AdJustmg for NH3—N produced in the
freshly harvested barley via plant enzyme resp’xratnon and proteolysis prior to treatment
. (14 7.ug g—l DM), 84.7 and 81.2% of the NH3—N measured could be attributed to -
mtcrobxal acthty in the control and SO2 treatments, respectxvely Lowered NH —N
\ concentratlon indicated reduced proteolysns and is consnstent with observatxons made with
- 802 treated sxlages (Knodt et al 1952 Skaggs and Knodt 1952 Petrosyan 1967;
Matluson et al 1979) ' ) ‘ T
The S content, of HMB treated with 802 was hxgher (P<0 00 1) ‘than that of

“ ensxled HMB Fxfty percent of the apphed S was retamed between apphcatxon and bm -

o openmg (74 d post ﬁllmg) Matluson et al (1979) reported S retentxon, ‘between ttme of
apphcatxon and feeding, of 38 and 59% for 802 treated sﬂages of 55.9 and 65. 1%
“.rmoxsture, respectxvely More recqntly, Mathxson et al (1984) reported S retention of 17

AN v
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to 40% in SO ‘treated silages ranging from- 62 to 72% moisture Their work showed a

. trend fon hlgher rebent.non of added S m higher monst.ure forages explamed presumably by

the’ solublllty of SO2 in water. Consxdermg that a retenuon of 650% was achleved in this
experiment for(HMB of 30% moisture, “our retention of applled S was considerably
greater than that reported by Mat.hlson et al. (‘1984) with silage. .
Sulfur d10x1de treatment reduced ADF (P<0.01) from 9 3 to 6.8% of Lhe barley
DM. This may be explamed by the dehgmfymg capability of SO “and/or jts abHity to

mhxblt non-enzymatic browmng (Green 1976) commonly referred to as the Malllard

reactlon Ben—Ghedaha and Mxron (1981, 1984) have demonstrated the dehgmfymg

capability of SO2 at apphcatton levels of approxxmately 5%; and at temperatures of 70°C

for"72 h, However, Mathison et al. (1979 1984) observed no consistent effect of SO on

elther NDF ADF or hemncellulose contents of silage matertal treated with SO2 at .0 14 to
- 0.72% of fresh welght It would appear that prolonged exposure of HMB to high

- concentrations of SOZ’ at elevated temperal:ures are neceSsary to elicit dehgmﬁcatnon
The result,s reported by these researchers, coupled with the lowered (P<0 01) ADIN of

802 treated HMB observed in this experiment imply that inhibition of non—enzymatnc ‘

browmng contnbuted more than did delignification in reducmg ADF as the blsulf‘ te and .

sulﬁte ions of 802 are valued as Maillard reaction mhtbxt,ors (Schroeter 1966 Van Soest
1982) Further support of this wewpomt is provxded by the fact that the ADF of SO2 )
t,reated HMB was reduced by 2.5%, although the hgmn content of barley is negligible.
The ADIN levels of 6.1 and 2.7% of total N m ensnled and SO treated HMB
respect.lvely, suggest no heat damage as 10% of‘ total N as ADIN (DM basis) is
consndered normal in forages which are not heat damaged (Bat.h et al. 1985) ‘ v
802 treat,ment of HMB had no effect (P>0 05) on monsture, crude protein or
furfural levels, the lat.ter bemg an mdlcauon of the extent of carbohydrate thermal

degradauon under /qdlc condmons v an Soest 1982). | | o o

‘y

Mlcrobxologlcal charactenstlcs of barley : ' i

L IR

On the basls of bactenal and fungal (yeasts and moulds) counts taken after 74 d '

- of storage, SO2 appears to be effectave as a bacteriocide but meffecttve as a fungrcxd@

(Fxgure o-2).~A fung1 populat.xon of 103 colomes g -1 was observed in both control and

treated HMB at bin opemng In lus rwork w1t.h GP Be‘i"mer (1973) concluded that fungx

£

4
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13
| counts at or in excess of 104 colonies g— mdxcated ineffective preservation He observed a
" that at such counts slight mould growth was. usually visible, ‘
The.rmcrob:ologwal populations observed d‘or HMB in this expenment are
consistent wnth the values reported in a hmnted number of expenments mvolvmg ensiled -
- or chemically treated HMB., L:vmgstone et al (1971) observed no values in excess of
102‘ and 103 colonies g"1 for fungi and bacteria, respecuvely, when 1.3% (wt/wt)

propionic acxd treated HMB (29% moisture) was stored in hess:an sacks at room

| temperature, for a'4 mo period. Bacterial and fungal populatlons in thelr control HMB
1

which was stored m sealed polyethylene sacks averaged 10 and 10 colomes B

respectwely ' ,

. Two explanatnons seem likely as to the questlonable efﬁcacy of 802 as a fungicide
observed in thxs'expenment First- as with other preservatives, the efﬁcacy of SO o™
varies thh different. mncro—orgamsms (Sofos and’ Busta 1982), For example,,aome yeast
spec:es can resist up w 500 ppm 802 (Reed and Peppler 1973), However lt is likely that

,moulds, not yeasts were the predommant fungi qbserved at bm opemng ‘This conclusnon
.arlses from the faét that EtOH levels in 802 treated HMB were very low and that the
more ‘usual fermentation mvol\nng yeasts is the ethanohc one (Woolford 1984). At 25° C
and 7 7% RH, t.he bag material used ﬂ)r the upnght bag was five txmes more permeable

J to oxygen transmlssnon than 8.5 mxl polyethylene used in the manufacture of some silage
‘bags. Nevertheless, the oxygen: fresh HMB ratlo (mL g’l) of 0. 29 calculated for the .

upnght bag, on the basls of the permeabnhty measur“ement would classify t.he system as

' anaerobnc (McDonald 1981) A contmual air infusion into the gram estimated at 03 L

* 8ec -1 m -3 grain, because of the bag’s oxygen permeablhty, would more accurately

——deseﬂbeﬁhe—storage-eystem—eo-bemg ‘near a.naeroblc ’I‘hls dlstmctxon is significant,
‘because contmual air mfuslon mto the grain durmg storage would have encouraged the

‘perslstence of aeroblc rmcro-orgamsms (McDonald 1981), eSpecxally moulds since they are
'usually aerobnc and prefer acidic condmons (Jackson and Wolfe 1978) A second possible

: explanat:on for the lack of effecnveness of 802 as a funglcxde is that t.he concentratlon of
molecular SOZ’ the effectrve antumcroblal form of the preservatxve was madequate ,
(Schroeter. 1966; Green 1976; Hammond and Carr 1976) . |

SO2 reduced lactate concentrat:xon in HMB by only 34. 3% ‘whereas' EtOH and"

L acetate levels were reduced by 96 1 and 73 2% respectlvely ,These relatxve’ levels of ’

s ‘fermehtatmn products in treated I{MB would suggest the presence of a slgmﬁcant |
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. populatton of acttve lactic acid bacteria. This ls in agreement with Carr and Davies

.amounts of “free” b02 (crted by Hammond and Carr 1976).

(1971) who reported v1able lactobacilli present in cxders whiclr contained appreciable

Changes in 802 treated HMB ' o , ’ ‘
Rchemncal and microbiological charactenstncs of S0, treated HMB noted at 7 4 5.

d of storage (bin opening) did not persist wlth mcreasmg storage tlme Barley at the bin

" 'perimeter remained well preserved“ but heaung‘and mould growth within the bin core

resulted in about 30% (21 't) loss through _spoilage, Spoilage was ﬁr;t observed 28 d after " .
bin opening. In thé time penod between bm opening and spoilage, barley was removed

danly for feedmg purposes, otherwrse the bm was closed Approxrmately 56 d after hin

opening (28 d after spoilage was observed) the well preserved treated HMB was removed :
from the upnght bag and stored in uncovered boxe‘s of 700 kg capacity. This grain

showed no visible sngns oF spoxlage throughout a total storage perxod ‘of 9 mo

\

‘ Sponled SO treated HMB was characterlzed by temperatures of 40 to 60°C:-

2
Similar temperatures have been reported by Wallace (1973) who st.ated that poorly
presérved grain will heat to temperatures of up to 56°C or slightly above Spoxled SIO2

treated HMB had higher (P<0.05) pH and mcreased (P<O0. 001) concentrations of

‘ "acetate‘ NH —N furfural and ADIN (P<0. 01) (Table II-2). Thermal degradatxon of .

;’carbohydrates to’ produce furfural and its subsequent condensatlon with amino acnds to i

forﬁr%}l\l through the Manllard reaction, hkely explam the high. levels of furfural and
ADIN in spblled SO treated HMB Gram temperatures in excess of 50° C are conducive
to this process (Van Soest 1965). Furfural formatlon is favoured under acndxc condmons .

N B t

(Van Spest 1982) and in this study, “pentosans for furfural formation ‘would have come -

.. prlmarlly from the hemlcellulose portion of the barley. Van Soest (1982) xdentxﬁed

a -

hemxcellulose and soluble carbohydrates as the most reactlve carbohydrates in the

Maxllarfl reactxon Since more water soluble carbohydrates are preserved in SO2 treated

‘ "sﬂag}s (Knodt et al. 1952; Pet.rosyan 1967 Mat.luson et al. 1984) we would expect t.he SN
'same in SO2 treated HMG The. charactenstxc dark brown colour and peculxar odour of

the spoxled gram were. consxstent w1th both the elevated furfural and ADIN levels o

. measured Furfural has a charactenstxc odour resemblmg benzaldehyde and on exposure

to an' or hght t,urns bro,wn (Merck 1976} wlnle ADIN is also a brown coloured polymer

) — W q




H

"0 The blsulﬁte and sulﬁw ions of bO ot limit thermal carbohydrate breakdown

"'m@‘}t powerful Mmllard reaction inhibitors, This would suggest that hxgh furfural

‘MB suggests extenswe heat damage because 10% of (nlal N as ADIN (DM basrs)
(i};agea thch are not heat damnged is the acceptabl hmn (Ba'h et al, 1985), It also
mtf@}@p reduced nutritive value because prmem is rendered relauvwly indigestible as
AI)]N (Van Soest 1982). To explain why SO did not inhibit heat damage more
effectively is difficult. The pH of the treated barley would not have reduced the efficacy

of SO, in inhibiting heat damage, as the pH (3.6 to 3.9) favoured the ionization of

2

2803 to its bisulfite and sulfite ions (Green 1976). However, any reduction in

molecular SO2 concentration via binding, oxidation or volatilization would have reduced

bl T —~ o V. )
‘ Rts ab}llty to. inhibit non—e}uymatm browning and such losses would have been accelerated

at Lhe 40’ Uo 60° C temperatures observed.

ln spmled SO treated HMB, EtOH acetate and lactabe concentratmns diminished

| sngmﬁcuntly (P<0 05) over time (r =~0. 66 -0.62, -0.88, respecuvely, n=10),

Coqverselv NH —~N monsture and pH tended (P<() 10) m increase with time, These
Lrends are consistent with chemlcal changes that occur in the aerobic deterioration of
srlage: (1) loss of primary fermentation acxds, prmem’s and re'SIdual water soluble
carbohydrabes, and (2) production of COZ' ammonia, water and heat (M¢Donald 1981;
Woolford 1984). L ‘

}Spmled SO2 treated HMB was also charactenzed by 10- and 100—fold increases

in aerobxc bacteria and fungi populatrons respectively, over those sgred for preserved
ol

- S0, treated HMB at the same time. The grain temperatures of 40 &) 80°C would

~

require_the presence of thermotolerant mxcroﬂora, several Asperglllus fungl, as well as
Pemcnlhum.,aren\anum are thermotolerant (Wallace 1973). Traces of black mould were
also observed on the sdrfac_e of the spoiled grain. The increased NH4-N levels 'observed .
with time would suggest proteolytic clostridiel activity as these are thermotolerant
anaerobic bacteria (Waﬂ&ce 1973). However, the absence of butyric acid, normally

associated with silageAthat has undergone a clostridial fermentation (Vetter et al. 1978),

- implies that the role of these-bacteria m the spoilage process was secondary to that of

fungi. Prohferat.mn of thermophilic sulfate or sulfite reducing anaerobxc;bactena may

have _a'ilse‘ ,cont;anted to spoilage losses. While similar anaerabic bacteria numbers in

W N

!

.
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preserved and spoiled 802 treated HMB. would not support this coriclusion, the culture
media used in our microbiological procedures would not have facilitated the growth of
such microbes due to insifficient s‘u'lf‘ur.

The. 802 treated HMB which remqi.rnxed well pregerved was characterized by
iﬁcreasing (P<0,01) lactate and ilceww levéls over time (x‘¥ 0.66, 0,64 respectively;
n=20). No significant (P>0,05) loss of S or mdist;xro was measured in the barley
between bin opening and ‘7 mo thereafter, There wa; a tendency (P>0,10) foy NH8~N
and pH w increase with storage time (r= 0,29, 0.15 respectively; n= 20) while EtOH
levels diminished (P<0.05) with time (= ~0,21, n=l2(')). No apparent change in |
numbers of bacteria or fungi ;vas observed for this barley .i)et.ween the time of bin

opening and 28 d later,

Spoilage rationale

Spoilage was likely initiated by moisture migration within the bin, This
phenomenon occurs in an unaérated grain bulk of uniform moisgxre when temperature
differentials exist within the bin causing heat and moisture to move, via convection, from .

warmer to colder areas of the bin (Sauer 1972; Muir 1973). A number of observations
- \ .

',
~

"'sup'lpor't this rationale, . &#

The observation of spoilagé within the bin core, while good preservation of HMB
was observed at the bin perimeter, is consistent with m;)isture migration patterns
commonly seen when ambient temperature is lower than grain temperature (Figure il—.’l).
Furthermore in review, Muir (1973) suggests that increased barley temperature and
moisture, as well as bin size were all conducive to a- rapid rate of moisture migration,

It is generlally‘ recommended ‘that for the safe storage of dry barley, a
temperati:re differential between “grain andeaverage ambient temperature of 5°C
necessitates cooling or warming of the grain (depending on the season) by aeration to
prevent spoilage by moisture migration (Friesen et al. 1986). HMB was 28°C at
harvest, 7°C warmer thax“'a mean arﬁbient temperature. During the first 30 d of storage
the temperature differential between SO2 treated HMB and ambiAent averaged 19.3°C. |

»  Moisture migration is more of a problerh with large bins than small bins because

higher temperature gracients within the grain bulk cause a faster rate of moisture

" migration. For this reason, it is recommended that bins holding more than 30 t be
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equipped with an aeration system to prevent hdisture migration (Agriculture Canada
1983). Friesen et al. (1986) recommend grain aeration fotr large scale bins, 60 t or
larger. The upright bag used in this study contained 69 t of treated HMB, and it is likely
that the large temperatur'eﬂ differential, and 30% grain moisture level, provided conditions
suitable for moisture migration, The results of this studyuappear to validate Campbell’s '
(1972) concern for aeration of chemically preserved HMG in large scale storage. It is
important to note that moisture migration was halted once the gx"ain was transferred to
the unsealed boxes and stored in 700 kg portions. This observétion further supports ‘Lhe
role of moisture mihgration in causing spoilage while grain was stored in the large upright
"bag Mathison et al, (1986) also observed no spoilage of HMB treated with 0.76% to '
1.1% (wt/wt) SO when stored aeroblcally in 300 kg to 26 t portions,

Data collected on the day spoilage was first observed reflect the occurrence of
‘oisture migration. Spmled grain samples taken from the bin core at 91, 31 and 5 cm
depths from the upper surface had corresponding grain moistures of 28.3, 31.5 and
43.2%. Respective S levéls (DM basis) were 0.41, 0.44 and 0.53% with the correlation
between grain moisture and S being highly (P<0.001) significant (r=0,99, n=6),
Conversely, preserved grain sampied the same day from t};e bin perimeter hafi equivalent
moisture and S levels at {t,he same three sampling depths. These observatidns are direct:
evidence of an up‘ward flux of moisture and S through the bin core,

Loss of molecular SO2 may have also contributed to spoilage. The concentration
of‘molecular SO2 is inﬂuenc;d by: (1) pH of the preserved material, (2) lé,vel of free or
unbomdﬁ@z—,(‘ﬁ"ext;ent of oxidation to sulfate, and (4) extent of volatilization (Hammond
and Carr 1976; Green 1976).

-The low pH of the treated barley favoured the ionization of molecular 802 to its -
bisulfite and sulfite ions: It was estimated (Green 1976) that only 4 to 5% of the total

.

SOZ’ retained by the HMB, would be in the molecular form at the pH of 3.3 measured at
bin opening. , |

Free SO refers to that which has not been bound or combined with feedstuff
components. Componem.s that could have provnded opportunity for bmdmg of free SO
include disulphide bonds in proteins, sugars, aldehydes (e.g., furfural) and lignin (Eckoff-
and Okos 1983). The extent of these binding reactions is important because bound SO
gives little or no preservative action (Green, 1976). In work done with 35802, Lozeman

?

A
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et al. (unpublished) reported a 63% increase in bound SO2 v.vhen SO2 (1.2% wt/wt)
treated HMB (22% moisture) was stored for 63‘ d at room temperature, lngram and Vas
(1960) réported a similar trend with 802 treated orange juice concentrate (350 ppm 802;
pH 3.4). Four to 5 d storage at 10, 20 and 30°C resulted m binding of 56, 67 and 80%,
of the total SO2, respectively.: Work with sodium metabisulfite as a silage presepvative
also suggests that bound 802 has no benefit As a preservative, since 802 addition to .
silage did not affect en§iling temperatures when mean silage temperature exceeded 30°C
during the f'"lrst 20d pf ensiling (banigan 1961). In this study, \:'e measuted a mean
tempverature of 35°C for SO2 treated HMB at the bin centre duri‘nlg the first 30 d of.
" storage. Thus, barley storage temperature measured in this study together with data
from previous research suggest that a significant loss of free SO2 via binding reaclj(;ns
was highly probable. . |

, Concentration of molecular sozﬁ'a§ have been further reduced via oxidation to
sulfate, Lozeman et al, (unpublished)‘rr;egsured 26% of the total radioactivity as sulfate
in 35802 treated HMB after 63 d of “sealed storage conditions™ at room tempefature,
Based on this, oxidation of 802 to sulfate would likély be more extensive in this study
due to presumably more .aerobic storage conditions. | M

A significant loss of molecular SO, via volatilization céuld have ‘occurred |

depending on the 802 permeability of the bag, While the permeability of the upright bag
- to oxygen was determined, its permeability to 802 was not. HoWever,van insigniﬁcaht
(P>0.05) loss of total S in both barley which spoiled, and that which remained preserved,
between bin opening and 7 mo thereafter does not s.upport this speculation. | The
successful preservation achieved by Mathison et al.. (1985) with 0.7§ 1o 1.1% (wt/wt)
v SO2 treated HMB under aerobic storage conditions also implies that the loss of molecular
802 via volatilization should not be a concern. Nevertheless, Lozeman et al. |
(unpublished) measured a 17% volatile loss of S from 35802 ﬁreaned_ HMB over 63 d of
“sealed storagg”, e;ren though the grain remained well preserved. Similarly, food
preservation research has shown that SO2 is easily lost from products which are not
stored in “airtight containers”, the rate of this loss .being influenced by storage
texhperature and moisture content of the produet (Sawyer and Crosby 1980). -

- The data suggests that a 1% (wt/wt) 802 appli;:ation level was adequate for 30%
moisture barley since this grain, once removed from the upright bin, remained wgll '
(]

%@:rved fdr the entire 9 mo of storage.
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‘McDonald (1981) states that carbohydrate rich silaggs, in which fermentation has
been restricted by an adaitive, aré,‘;);ar'—tilcula'rly prone to aérobicv deterioration. It seems '
logical that SO2 treatment of carbohydrate rich HMB would equally predispose the grain
to aerobic deterioration if treatment efficacy vbegan to fail during near anaerobic storage.
Eck(;ffy' et al. (1983) suggésted that 802 treatment initially suppressed the indigenous
microflora, but that the most resilient and opportunistic microorganism dominated when
treatment efficacy began to fail. F}lrﬁhermO're, they state tha‘t'sufh single
micro-organism cultures appear to proliferate more quickly than the mixed cultyre that '
would have .otherwise been present due to a lack of competition. Thus, it appears that ‘
when SO2 trear.ment began to fail in this study, hngh temperatures; oxygen supply, and
low pH favoured t.he proliferation of moulds A further concern is the caution of Green
(1976) that. “moulds and yeasts can develop an immunity to 802, or they may spore z}nd
remain dormant even at ever—incréasing high levels of pre'Servat.ive." -

In conclusion, this study demonst.rated that as a grain preservanve 802

presex ves by mhlbmng fertnentation. Under these storage condmons SO treatment
appeared to be efﬁcacnous as a bact,enoclde but ineffective as a fungicide. A 1% (wt/wt)
SO apphcatlon rate dld not effectively preserve HMB for large scale (69 t) near |
"anaerobic su:rage Successful preservat:on was achieved with small scale (700 kg)
aerobic storage. Our data leads us to conclude that mmsture mlgrat.lon and resultant loss
of molecular 802 via binding reactions at high grain temperatures were the major cause

for failure with large gcale storage.
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Table II-1 Chemical characteristics of ensiled and well preservéd SO‘2 treated high

moisture barley (HMB) at bin openingt .

-

Treatmem .
' Jtem N - Ensiled HMB . 80, treated HMB  Significance
Ethanol (mg g"l) 20.57"‘ (2.61)% i; : 0.80 (0.24) nme
Acetate (mg g™) 1.38 (0.04) 3 N 0.37 (0.02) .
Lactate (mg g ™) * 8.13 (0.37)" 5.34 (0.73) .
"pH \ 5.7 (0.03) . s30a0) o e
" Furfural (mg g0 01.17 (0.03‘)' ' 0.16"(0.01) oo NS
Crude protein (%) ~ . 113 (0.20) . 11.5 (0.22). - NS
Ammonia-N (ug ') | 96.05(165 78.08(336) . -
Sulfur (%) " 0.15(0.003) . 0.50 (0.011)
ADF (%)$ 9.28 (0.574) 6.79 (0.209) **
ADIN (% of total N)T . 6.08 (0.44) 2.72 (0.16) e

Mbisture (%) . 29.7 (0.18) - 30017 . NS

tMeans expressed on DM basis; four: and six obseérvations for HMB and SOZ‘ Ltreatment
respectively. | | .

IValues in paréntheses represent standard error of mean. .
*§Acid detergent fibre.

YAcid detergent insoluble nitrogen. ) . | R

*P<0.05, ** P<0.01, *** P<0.001, NS P>0.05 : oy

N
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Table 11-2 Chemical characteristics of preserved and spoiled SO, treated high moisture

barley (HMB) between 28 and 56 days after bin openingt
. . o !

¢ . ' . Classification S

‘Item - 4 Pres;rved ‘ ' Spoiled ‘ Significance
Ethanol (mg g %)  0.44 (0.11) C 033 (0.12) NS
Acetate (mgg™})  0.48 (0.09) 119 (0.2’5‘)_“. na
Lactate (mg g™)) 6.53 (0.37) " 6.60 (0.35) : NS
pH : T 3.6(0.12)  3.9(0.15) | .
Furfulal (mg g 1) ‘ 0.16 (0.01) 0.40 (0.07) aaa
Ammonia N (ug gfl) 112.54 (24.94) . '578.54 (66.98) N e
 Sulfur (%) 0.48 (0.01) 0.49 (0.02) NS
ADIN (% of total N)§ - 2.74 (0.16) 25.0 (4"".2) ‘\ . *x
Moisture (%) - 296 (0.27) 30.2 (1.15) . NS

*

|

" tMeans expressed on DM basis; 18 and_24'observations for preserved and spoiled 802
barley respectively.

$Values in parenthéses represeht standard error of mean.’ ‘

§Acid detergent insoluble nitrogen. | .

*P<0.05, ** P<0.01, *** P<0.001,NS P>0.05. . y

g o
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V.‘Figure o-1 Mean temperatures of ehsilec} (®) and SO, ;réated ( O ) high moisture barley -

during the first 30 d, of anaerbbic 'ahd near anaerobic 'stbraée'respecfi\iely (@ = ambient).
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1lI. ' THE PERFORMANCE OF DAIRY A* FEEDLOT CATTLE FED SULFUR
s , , o
Sl ‘ DIOXIDE PRESERVED HIGH MOISTURE BARLEY

A. INTROGUCTION x

‘The feeding value of either /e}mled or organic acid treated high moisture barley

4
(HMB) ls snmnlar o dry barley for both Jactating dairy cows and feedlot cattle when

compaxed on a dry matter (DM) basis (BP Chemicals 1969; Mernll 1971; Wilton 1971;
Marx 1973; Ingalls et al, 1974; Kung et alo Tt ennelly 1983; 1‘)84 Kennelly et al,
1984). ‘Farmers who feed HMB by preference or because of adversé weather conditions
at harvest, have traditionally ensiledl the mz?tei'ial or preservea it chemically with organic

"acids. Presently, cost and convenience militate against the routine use of organic acids as
. . ’ [
grain preservatives (GP),
A3

’ The -antimicrobial activity of sulfu‘r dioxide (802) and its salt, sodium -

v

me&lisulﬁte (Na‘28205), is well known‘due t its long h.iswr_v as a preservative jin the

food and beve'rage industry (Schroeter 1966). Recent work by Mathison et al, (1985) \
2(1 Gibson (Ghapter 11) indicates that SO, mx;y have poteniial as a GP. To date, there '
is no information on the feeding of SO t.reated HMB to lactating dairy cows. The one
previous trial conducted with SO tréated HMB for feedlot steers has shown its feedmg '

L T

value w compare favourably th,h that of dry barley (Mathison et al, 1985).

'
'

The objective of this expériment was to determine the influence of feeding 802

treated HMB on the performanée of lactating dairy cows and feedlot cattle,

o & .
B. MATERIALS AND METHODS '
Barley harvesting; treating and storage |

- All barley used in this experiment was of the same variety (Klondike) and grown

" under the same conditions. HMB was combined at 30 to 32% moisture- immediately after

swathing. %ry barley was harvested at 12 to 14% moisture after four additional days of

~ drying in thé swath. Two ﬁelds of 28.2 and 20.2 ha were divided into eight and four

rectangular strips, respecuvely.' Odd numbered strips were harvested as HMB, even

numbered strips were harvestéd as dry barley. Plot areas harvested for H¥B were

about twice the size of those harvested for dry barley as double the amount of HMB was

el : - 29
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requircd in subsequent feeding trials,

HMB was ensiled in a Harvestore® silo or treated with 1% (wt/wt) 802 as
prevfously described'(Chuptrer I1). Dry barley was stored at 12 to 14% moisture.
Treated HMB was stored fér 130 d in a 69 t capacity upright bag (polyethylene lined
polyester) which conéiituwd a pear anaerobic system (Chapter Ilf Subsequently, well
preserved 802 treated HMB was removed from the upright bag and stored in unsealed

boxes of 400 kg capacity, Feeding trials commenced 74 d after SO2 application,

[}

Experiment 1: 802 treated HMB for lactating dairy cows

Thirty~six Holstein cows were assigned to three groups of 12 wilth groups
balanced on the basis 6f average milk production per cow during a 2 wk pre-trial period;
days in milk and lactation number, Three dietary treatments (Table 111-1) were
randomly assigned to the three group.?‘for the 6 wk {rial'. Diets consisted of 35% rolled
barley (DM basis) and differedbnly in the type of barley fed: dry barley, ensi‘led HMB‘m‘
502 treated HMB. Diets were fed twice dailv with forage and concentrate portions
offered simultaneously, but not as a total mixed ration.

Milk yield, feed intake and feed refusals were recorded daily. Milk yield
persistency was calculated according to procedures of Kung‘e; al, (1983). Feed samples
were taken weekly, frozen immediately and stored at -22°C until composited for chemical
anal}ses. ‘Cows were weighed once weekly, Both initial and final weights were the mean
of measurBments on two consecutive days.

Milk fat, protein and lactose were determined by infrared milk analysis (Alberta
Agriculture, Central Milk Testing Laboratory, Edmonton, Alberta) on composite AM and
PM samples, for each cow, collected once wleekly. Additional milk saxnﬁes were taken
pre-trial and at weeks two and four of the trial, from each cow, and composiu’ed according
to treatment group for sensory evaluation of both raw and pasteurized milk. Milk was
batch pasteurized at 63°C for 30 min (I;ampert 1975). Sensory evaluation of r;lilk was
conducped on these three occasiohs, using nine untrained consumer panelisfs in a triangle
test, to identify the odd sample (Agriculture Canada 1977). These composibél'milk .
samples.were also scored by a trained expert according to procedures deYel‘oped by the
American Dairy Science Association (Nelson and Trout 1964).

O -
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Experiment 2: Sﬁfz" treated HMB for feedlot steers

Upon arrival at the feedlot, 64 Hereford—‘type steers were fed 2 kg head ! of -
dehydrated alfalfa pellets and grass hay ad libitum. Trace mineral salt and a 1:1
mixture of salt and calcium phosphate‘were provided ;'ee—choice. Between feedlot arriv;il
and commencement of the trial steers were eartagged; vaccinateq for blackleg and
malignant edema; and given an intramuscular injection of 1,000,000, 150,000 and 100 ,
U of vitamin A, D3 and E, respectively, Steers were also implanted with zeranol
(Ralgro®, lnternatiom;l Minerals Co. Ltd., Terre Haute, Ind.).

Steers were divided equally betw?en arheavy and light group with an average
iniiial weight of 410 and 372 kg, respec‘tively. Within each group, steers were ranked by
weight, then random!y allocated within weight groups to eight identical pens, Pens were
4 x B m, bedded with wooden shavings and partially covered by an open-front shed. The
fmlxr dietary treatments (Table 111-2) consisted of dry barley, ensiled HMB, 802 treated
HMB, and ’SOZ treated Hl\)IB,plus'sodium bicarbonate (NaHCO3). Sodium bicarbonate
was included as a treatment to determine the influence of feeding a readily excretable
cation to animals fed diets with a high sMr (S) content. A secondary objective was to
determine the effect of a buffer on-the palatability of SO2 treated HMB. Supplemental
thiamin was included in the diets to supply 5.5 mg kg”l DM, because 802 treatment
destroys thiamin (Gray 1980). |

Over a 14 d period, steers were brought onto a dietary regime co‘nsisting of 85%
rolled barley, 5% supplement and '10% ché’pf)eAd hay (DM basis). The feeding trial

commenced with steers fed concentrate at 2.0 kg DM day!l.

Conqentrate was increased
at about 0.64 kg DM head—1 day“1 while hay was decreased by approximately 0.83 kg
DM head™} day—l. | . '

» Feed intakes were recorded daily on a pen basis, weighbacics were measured
every 2 wk: Initial weighgs were the mean of measurements on three cons'ecutive das's;

thereafter, steers were. weighed once evéry 2wk during the 96 d trial. Final weighﬁs

\J .
were the mean of measurements on two consecutive days. All weights were taken after

.

water had been withheld for 16 h. _ ‘ :

Bal:ley samples were taken e'very 2 wk during’the trial, frozen immediateiy and

stored at =22°C until chemical analyses. Hay and supplement samples were taken on
four occasions during the trial ard stored in the same manner until composited for

anglySes.

-



Steers were slaughtered 2 d after Lermmzmon of the feeding trial, At slaughter
livers were\ mspected and the mcndeqce of abscessed livers recorded. Addmonallv, heads
of two steers from each of the two SO, treatments and from the dry barley dontrol were
subjected mf)\ostmorwm examination (Alberta Agriculture, Pathology Branch, Animal
Health Divisi(;n; Edmonton, Alt;erta). Animals were checked for possible' brain lesions
indicgt.ive of acute thiamin deficiency, otherwise known as poli.oencephalomalacia '(PEM).‘
After overnight chilling., carcasses were graded by Agricu’lture Canada Food Production
and Inspectton Branch personnel according to beef carcass grading procedures »
(Agrlculture Canada 1972). Dressmg percentages were calculated from warm carcass

\

weights and final fgedlot welgh;s.'

Analytical ‘ \ ] ' ‘ - ‘ .
Feed dry matkers were determined by oven drying at 110°C for 54 h as well as
by gas chromatography (Fenton et al. 1981) using an Aerograph 660 gas chromatograph.
In the latter mc.ethod,"m\ethanol was used for sample“waver extraction and samples were °
shaken for 48 h ‘coﬁtinu&usly for complete extraction, Crude protein and thiamin were
det;erminéd according to the methods of‘the Association of the Official Analytical ‘
Chemists (AOAC 1980). Feed samples were freeze-dried and ground to a homogenous

- powder (0.5 mm) prior to thiamin, acid detergent fibre (ADF) andl S measurements.
. Sulfur was determined using*v\a LECO Sulfur Determinat,or SC 132 (St. Josébh, MI) as

: previously described (Chapter ‘II) Acid detergent fibre was determined accort“ling to
Goermg and Van Soest (1970)., Calcnum and phosphorus were measured by the
meta-vanadate method of the A?AC (1980) (Alberta Agncult,ure Soil and Ammal
Nutrition Laboratory, Edmonmn,\\Alberta). " ' ) ‘

\ . | .
Statistical Analyses - | o
Yield dififerericeé between high moisture and dry bafley were subjected t\o one way

analysis of‘ variance (ANOVA) (Steel\?nd Torrie 1980) One way ANOVA was applied to

feed intaké, ‘performance nd milk composition data of dalry cows to- assess.differences

between treatments. Dairy cow performance data were also subjected to two way
ANOVA with treatment and time as the\sources of “variation. Triangle test data on milk

were analyzéd using tables of Roessler et 'al. (1948). A two way AN.OVA was used to



analyze feedlot data with treatment and animal weight groupé as sources of variation.
Treatment differences in feedlot performance were determined for complete data as w_ell
as data collected for each of the three time 'periods; days 1-28, 29-67 and 58-96.

, ,

‘Multiple comparison of means was by Student-Néuman-Keuls’ test (Steel and Torrie

1980).

‘C. RESULTS

—

Barley harvest and preservation

_Fresh weight yields of HMB and dry barley were 5.44 and 4.31 t ha"l, . '

respectively, On a DM b‘asis,_the‘se yields corresponded to 3.81 and 3.75 t ha”l,’
respe'ctively. The 1.6% higher DM yield for HMB over drv barley was ‘nonsigniﬁcant
(P>0.05). I e ’ .

The ensiled HMB, as well as the dry stored barley showed no visible signs of
spoilage throughout the feeding triala SO treated HMB remamed well preserved m the
69 t near anaeroblc upnght bag until 130 d after treatment 28 d after the bin was
opened for feeding purposes. Barley at the bin perlmeter remained well preserved but
heating (40 to 60°C) and mould growth w1thm the bin core resulted in about 30% loss
through spoilage. Thls spoiled gram was dlscoloured and had elevated levels of furfural,
ammonia-nitrogen (NH3—N) and acid detergent insoluble nitrogen (ADIN) (Chapter II) all
mdlcatwe of reduced nutrxtlve value Approxlmately b6 d into the feedmg trials (28 d,
after spoilage was observed), the we[l preserved SO treated HMB was removed from the
. upright bag and stored in uncovered boxes of 700 kg capacxty Thxs grain showed no
visible signs of spoilage for the duration of the feeding trials. ' '

Experlmeht 1 _ .

Despite preservation problems with.SO treated HMB, cows were‘fed@yell
pres\erved S0, treated HMB for the entire 6 wk. This was possible because the small
amount required daily could be removed from the bin penmeter w1thout contamination of
spmled barley from the bin core. ' " S e '

.One cow was removed from the trial. because her appetite for SO2 treated HMB

and supplement was erratlc, dunuushmg markedly in the last week of the trial. This cow '



.
had no apparent health problems<had a history of be)ng a ﬁmcky eater ‘

T - No dlfferences (P>0 05) were observed in DM 1nt.ake (DMI) mllk yleld; or
persistency, milk composmon or liveweight change for cows fed the three diet,s‘(Table
III 3). Nevertheless, cows fed diets based on dry barley produced 6.8 and 9. 7% more
daily fat corrected milk (FCM) than cows fed diets containing HMB and SO treated
HMB, respecuvely ’I‘here was a trend whxch approached sngmﬁcance (P<O0. 13), for
cows fed dlets contammg dry barley to convert DMI more efﬁcnemly o FCM (FCM DMI).
In wk 1, cows fed diets based on HMB ate 2.3 kg more (P<O0. 05) wtal DM than cows fed
dlets. contaxmng either dry or SO2 treated HMB, but this did not result in any producuon_
differences (P>0.05) between treatment groups in wk 1. ‘4As e'xpeclted, feed intake, milk\.

production and FCM:DIVII dilninished (P< (RQS) between wk 1 and 6 while cow body

weight increased (P<.Q‘05). No treatment x week interaction was observed (P>0.05) for = "~

‘any of the parameters measured.
Sensorsy evaluation of both raw and pasteurized milk detected no differences ‘

(P>0.05) in milk flavour or odour :between treatments (data not shown).

‘ Experiment 2 ‘

Due to a limited quantity of well preserved SO treated HMB, steers were fed |
spoxledgo treated I‘IMB at an estimated 40% DM inclusion level, prlmanly durmg .
period two (29 to 57 d) of t,he finishing period. While traces of black mould were
observed in sponled SO2 treatea HMB, barley fed to steers had no visible evndence of -
mould growt.h

- Four steers fed the 802 treatments (two from each treatment) developed PEM as

ended. Prior to death both steers exhibited clinical signs of PEM namely prodromal
- anorexia, lmpaxred vision and head—pressmg (Merck 1979). o Y )
_____.___,-——‘Eeedlot performance and carcass characteristics of steers are presented in Tables
-4 and -5, respecnvely Steers. fed SO, treated HMB had a 10 1% lower DMI 31%
lower average daily gain (ADG) and requlred 21% more feed per kg of gain (DMI:gain)
the.n those fed either.dry: or ensiled HMB (P<0. 0‘5) Steers from 'the heav& group
consumed more (P<0.01) feed and tended.(P<0 13) to gain faster than t.hose from t.he
‘ hght group . The addition of Na.HCO3 had no- apparent, effect on palatablhty of SO2 ;

- determined by posb—mort)em brain examination. Two of these steers dled before the trial -



R " 35

- /treated HMB and feedlot performance was not influenced (P>"l).05) by its addition. The
“Iower DMI of steers fed the SO, treatments tended to become significant (P<0.10) in the
last two penods of the trial, day 29 to 57 and 58 to 96, respecuvely While feedmg of
SO2 treated HMB adversely affected ADG and DMI gam by mdlvkdhal periods this effect-,
. was slgmflcant (P<O. 05) only in penod one. Nelther feedlot performance or carcass '
charactenst:cs differed between steers fed HMB or dry barley dnets (P>0.05). ' While the
_ difference was nonsignificant (P>0.10), steers fed the dry barley diet requxred *13.3% less
feed per kg of galn (DMI gain) than those fed the HMB diet,

The negatnve mfluence of feedmg SO “treated HMB to steers resulted in lower
“'(P<0 10) fmal feedlot and carcass Wenghts but no other carcass charactenstlcs were
mfluenced (P>0 05) by treatment, Weight group affected (P<0. 05) carcass weight,
dressmg percent and rlbeye measurement the heavy group being hxgher than the hght
group by 10. 0 1. 4 and 7 5%, respectwely Steers fed SO treated HMB tended to have
reduced (P>0.05) carcass: ‘fat depth, however, the addition of NaHCO3 to the diet
appeared to t:ounteract this effect. The only significant (P<6 05) treatment x weight
‘ group mveractlon effect observed was in carcass fat depth. There was no’ apparent

dxfference between treatments in the mcldence of abscessed livers.’

D. DISCUSSION (EXPERIMENTS 1 AND 2)

Barley harvest. preservation and numtwe value ) _
Reported DM yleld advantages of HMB over dry barley range from 6.7 to 19 7%
(Krall 1972; Wmdels 1972' Marx 1981' Kennelly et al. 1984) with 7-10% bemg more
common (Alberta Agnculture 1982a) ’I‘he yxeld benefit of HMB over dry barley ls
prunanly due. to the threshmg charactenstlcs of a high moisture product which resuits in
| less shattermg and more wild oats (Wmdels 1972), as well as more thin (small light
wexght) kernels (Krall 1972 Marx 1981; Alberta Agnculture 1982a)
‘ Three factors may help tol explain the lack of yield advantage in favour of-HMB
' observed in this study I"xrst,_hHI;&?v‘v;sth_arvested‘conventlonally and not by dxrect
' combmmg Du'ect combxmng, accordmg to Alberta Ag'nculture (1982b), accounts for 2 to
3% of the DM yield advantage ,of HMB by reducmg handlxng losses. Second, the
Vco‘ntributi‘on that thin kernels normally maketo the ‘yield 'adVan“tage'of 'HMB'ranges from
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2.1 (Krall 1972) to 3% (Alberta Agriculture 1982b). However, for this contribution to be '~

realized, a slower combine ground speed is required because moist kernels do not sift

through the straw as easily as dry barley (Krall 1972; Lauder 1979). ‘Ground speed and '

grain losses for c'ombihing dry 'and HMB were not measured in’ this study. ,hird, field .
losses of dry barley would have been minimgl as drying. conditions were optimal dnring

the 4 d between swathing and combining.

The causes and eXtent of the grain spoilage observed wnth SO trealed HMB have

been dlscussed prevnously (Chapter II).

The spoiled SO treated HMB fed to steers contamed elevated furfural NH ~N
and ADIN levels, indicating a loss of energy (carbohfdrat,e degradatlon and dlgesuble
protein, and presumably, palat,ablhty. An ADIN level of 25% ol'_tot.al N was measured
for the spoiled‘SO treatedeMB those measured for ensiled'and well preserved SO
" ‘treated HMB were 6.1 and 2.7%, respectlvely (Fhapter II). Bath et al, (1985) state that
10% of the total N as"ADIN is normal in forages which are not heat damaged Thus the
ADIN levél of sponled SO treated HMB would have rendered about 15% of the wtal N or
' 1.7% of the barley crude protein (CP) as unavallable or mdngestnble (Van Soest 1982). -
As a result, the available CP of the dlets contammg spmled 502 ;reated HMB would '
‘have been reduced to 9.5%, almost 2% below the‘CP ’levelof Lhe‘dry barley and ensiled
. HMB diet,s".' -
Animal performance

The comparable‘ perl'ormance and normal health status of cows fed ensiled or SO

' treated HMB versus dry barley in experiment 1 is in general agreement with the results

. of other trials conducbed wnh lactatmg cows+in whlch diets mcluded elther ensnled or

orgamc acid treated HMB (Marx 1973 1974; Ingalls et al. 1974; Kennelly et al. 1984) ‘o

Feedmg silage treated thh 0.0 to 0.28% (wt.’wt) SO ‘to dalry cows has also resulted m

" ‘smnlar feed intake’ (Dufour et al. 1954) mllk producnon and body wenght change (Knodt o

et al. 1952 Dufour et aL. 1954) when not confounded by excessnve (Stallcup 1955 cnted
“ by Mat,luson et al, 1979) or uneven SO2 apphcatnon (Bratzler et al, 1955) More o
recently, Welgand et al (1972) fed 18 to 20 g of S cow -1 day -1 for 110 d vxa beet pulp
w1th added Na2820 5 th.h no adverse effect, on mnlk yneld or butterfat t,est rumen . '
mot.lllt.y, hematology, or ammal behavxor Cows fed SO2 treated HMB m expenment 1

Ay
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consumed, on average, 24 £ of S from SO head”™ day 1
The primary factor responslble for both the reduced performance and a 12 5% ‘
incidence of PEM in steers fed SO treated HMB in expenment 2 was probably the |
feeding of spmled grain. This conclusnon us based on the fact that the dlstmgunshmg
feature of this trial from those of Mathlson et al ! (1985), in which feedmg SO treated
HMB to feedlot cattle had no adverse effects was the feeding of sponled SO treated
" HMB. This conclusion was strengthened by the fact that eight comparlsons w:th steers
wintered on legume, legume/grass or cereal snlages treated with 0.14 to 0. 66% (wt/wt) .
SO have shown either no or- even a beneﬁcnal influence on steer performance as
measured by’ ADG and DMI: gam (Mathlson et al. 1979; 1984) Examination of steet
performance by penod (Table I11-4) reﬂected the reduced nutritive value of the sponled
SO treated HMB fed durmg period two (29 to 57 d) of the finishing period. Dry matter
’ mtake by steers fed SO treated HMB was reduced (P<0 10) durmg period two while
ADG and DMI: gam 1mproved substantxally in penod three when steers were agam
consummg well preserved SO treated gram The lack of change in DMI. for steers fed ;
\SO2 treated HMB between period two and thyree, coupled with the imprdovement in ADG
and DMI'gain suggests . that spoilage had a ‘more marked inf'luenCe on grain nutritive
~ value than on its palatablllty ‘ |
The feeding of 802 treated HMB to dairy and beef cattle in these expenments
when not confounded by spoilage, had no readily apparent phystologlcal or ‘toxicological
effect. ‘This was in ag'reement with obaervat\ions‘made. in two other feedlot trials in’
.‘ Which Sozﬁreated HMB has‘been.fed (Mathison et a\. 1985). The feeding of S0,
treated HMB to cattle ln experiments 1'and 2 and in the trials hy Mathison et al. (,1983)
have mvolved intakes of S from SO ranging from 20to 25 g head day , equivalent
)to 40 to 50 mg of S from 802 per kg of body welght (bw) Luedke et al. (1959) ~
“reported that. a cow recewmg 26 5 g of S from Nazs O (appro!nmately 50 mg of S
from Na\2 205 kg of bw~ ) for 180 d vm rumen ﬁstula was also uneffected by '
. treatment. At the. end of the treatment penod the cow calved normally, producmg a _
- healthy calf Sumlarly, they reported that 600 cattle were fed Na2$205 treated snlage
_for a penod of 5 yr without adverse effect. Luedke et al (1959) concluded that a daxly

an acute S toxxclty would be unhkely
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' .lmpllcatxons of elevated dletary sulfur due to SO2 treatment of HMB

In experxment 1 the concentratlon of dxetary S (DM basis) was 0.20, 0. 20 and

0.32% for the dry barley, ensiled and SO2 ‘treated HMB diets, respectnvely (Table III-1).

At 0.20% S, cows fed dry barley or ensiled HMB received National Academy of Sciences
~ National Research Council (NAS-NRC 1978) recornmendations for S. The diet based on

S0, treated HMB, at 0.32% with 0.12% S from SOy, was 160% of NAS-NRC (1978)

recornmendations Steers in expenment 2 consumed dlets of 0 15, 0. 17 0 46 and 0 46%

S for the dry barley, ensnled HMB SO treated HMB and SO treated HMB plus

‘NaHCO diets, respectlvely (Table I11-2). Steers fed the dry barley or ensiled HMB

recenved adequate S according to NAS—NRC (1984) recommendations. The NAS-NRC
(1984) recornmends a"dietary level of 0.10% S for beef cattle diets, but ernphasiz,es that
requirements are ‘not well defined. Tbe two diets based on 802 treated HMB, with .
0.30% of the 0.46% S from S0,, 'werer460% of NAS-NRC (1984) S recSmmendations.
The maxlmum tolerable level of S is known to be mﬂuenced by its chemical form

(NAS-NRC 1980). Thus, NAS-NRC (1978) suggests a dietary maximum of 0. 3% S -

| ‘with no more than 0. 20% from addedalfate NA)S-NRC .(1980) states that 0. 40% is - the

maximum tolerable S level as sulfate while Kandylns (1984) concluded that 0.3 to O. 4% S

as sulfate or elernental S in ruminant diets may cause toxic effects. Pres‘uma‘bly, the
concern about dietary sulfate level is its rapid reduction to sulfide inthe rumen (Goodrich
1975), since if not mcorporated into mxcrobxal protein, sulﬁde is potentlally lethal because
of hydrogen sulﬁde productnon in the rumen and the formation of sulf'hemoglobin in the .
blood (Kandyhs 1984). Work by Lozeman et al. (unpubhshed) and by this author ,
{Chapter II), mdlcates that S from SO treated HMB would be mgested prlmanly as

bound SO (e g. hydroxysulfonates), to a lesser extent as blsulﬁte and to the least extent .

' as sulfate. Even 1f all the 0. 12% added’ S from 802 was oxldlzed to sulfate cows fed
, SO treated HMB in expenment 1 were 70% below the NAS—NRC (1980) maximum

tolerable S level as sulfate. Nevertheless, since excessive amounts of S reduce feed

: intake (NAS—NRC 1978), xt is not surpnsmg that one: cow in expenment 1 prevnously

determmed to be a funcky eate[, dic not rehsh the SO2 treated gram If all the 0. 30%
added S from 802 was oxldxzed to sulfate steers fed the 802 treated HMB m ‘

i ‘ expemment 2 were only 25% below the NAS-NRC (1980) maxnmum tolerable S level as
sulfate .The fact that DMI by steers fed the SO treatments was consxstently lower

- 38

i

throughout the tna] than that by steers fed exther dry barley or ensded HMB treatments
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suggests that the dietary S level in ‘t.he‘ SO treatments was high enough to neéaﬁvely .
' influence’ diet palatablhty If S. level in the SO treatments did depress DMI by steers in
' expenment 2, this effect. would have been confounded by the feedmg of spoiled grain
between day 29 to 57 of the trial. 'I‘he work . of Mathison et al (1984; 1985) suggests
however that the maxxmum tolerable level may not have been reached since dxetary S
levels of 0. 46 and 0. 69%, with 0.26% and O 40% S from SO respecuvely, dld not
adversely effect. steer performance or health with either: cereal silage or high concentrate
diets.. ‘Similarly; Rumsey (1978‘)’ reported that the feeding of l all—concentrate diets in
whlch 0. 42% sublimed S was added dld not sngmﬁcantly redu(:‘e ADG or DMI:gain of . i
'ﬁmshmg cattle The addition of 0 72% sulfate to the diet however, has been reported to. o .
contnbute to a hlgh mcxdence of PEM in cattle fed 70% concentrate (DM basns) diets ‘

(Sadler et al. 1983). | A

The high S level assoc‘;a’ated with feeding SO treated HMB to cattle in these . .
by A ‘
expenments could { etk Fe‘f:ed wnth the metabolism of copper (Cu), molybdenum (Mo),
A8y ‘
and selemum (Se) (NA#Y <C 1978) Data by Mathison et al. -(1984) mdxcate that the ¢

. feeding of SY) treated sllage to steers for up. to 66 d does not mﬂuence animal Se st.atus

as measured by blood Se levels

Sﬁfuertrogen ratio
The dietary mtrogen (N) to S ratio for cows fed SO2 treated HMB was 8: 1 ‘and

for cows lbd dry barley or ensiled HMB it was 13:1. Dietary N S ratlos in expenment 2
~were 4:1 for the SO2 treatment.s and~?1:1 for the dry barley or ensnled HMB treatments.
The maost frequent.ly recommended N S ratio 1s 10: 1 (Elam 1975; NAS—NRC 1978; Bull
1984), while Bouchard ‘and Conrad (1973a) have shown a 12:1 N:S ratio is adequate m
mamtaxmng maxxmum DMI by lactatmg dairy cows. Smce no dlet, m either experlment |
E contanned mlmmal S and because the, performance response to dxetary S supplementat.xon
”dummshes when t.he N S. rat.lo becomes 10:1 or less (Moir 1979 cned by Bull' 1984), N: S '

L ratlo was. lnkely of no consequence on ammal performance m ett.her tnal

3 Effect of sodium blcarbonate addmon to SO2 treated HMB diet
2 It is possxble that t.he elevated dxetary S levels caused by. feedmg 802 treated
: HMB could have overloaded t.he urmary excretxon system (Keener et al. 1953 NAS-NRC ;‘

\ .

»“'. ’
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. 1978). ‘Iflxcesvslv'e S over and above‘metabolic needs i's.(err'creted chiefly asrinorganic
sulfate complexed wlth Na+, K+, NH 4+ or I*‘I+ ca‘ti.o‘nslin the urine. -According to ‘, %
Denis and Hobson'(1923) however, the exrretion of inorganic sulfate is difficult relative to .
other morgamc rpns usually present in the blood (cited by Keener 6t ‘al. 1953). .
Presumably in expenment 2, the provision of Na and H + cations. through dietary -
NaHCO3 addltlon helped in the excretion of excess sulfate generated by feedmg‘ SQ2
treated HMB. Urinary sulfate levels were not measured in either experirnent. Keener et
al, (’19‘5‘3) have atated that there is little chance that the exc'retion of large amounts of

sulfate from feedmg 802 treated gram would cause renal damage However, they = -

, suggest that more work is needed in thls area.

lnfluence of SO ‘on dletary thnamm
While dlets contammg 802 treated HMB in both expenments were lower lr; »
thiamin and higher in S relatlve to elther dry barley or HMB diets (Tables III 1 and "
I11-2), conditions which are predlsposmg to thiamin deﬁcnency, 1t is not surpnsmg that -
apimal performance pnd thiamin status (on the basns of PEM) were adversely affected
. only in experiment 2.. This is partxally because diets in expenment 1, due to lower s
concentrate levels were not as conducnve to causmg lactxc acxdosns as those fed in
3 expenment 2. Lactlc acidosis appears to estabhsh rumen condmons conducnve for PEM
development (Brent 1976) More xmportantly though, steers in expenment 2. could have
- consumed spmled SO treated HMB which appeared acceptable by sight and smell in -
terms of mould contammatlon but which was stlll mould contammated Evndence lmkmg -
PEM to feeding of the spoiled grain is threefold First, the four steers whlch developed
—“PEM (two of these died), did so during the perlod in whlch spoxled grain. was bemg fed S
(29 to 57 d). Second no PEM was observed by Matl'uson et al (1985) in two feedlot

BRI

N trials mvolvmg SO2 treated HMB Their tnals were of sxmllar duratlon and had similar
. | ‘dletary S and concentrate levels and either 0. o or 6. 2 mg kg DM of supplemental ‘
thnarmn Thlrd although ewdence is contradlctory and not concluswe, xt has been
) determmed that certam specles of fungl assocxated thh mouldy feed are thlammase
producers (Loew et al 1972 cited by Blood et al. 1983). This is sigmﬁcant because o
destructlon of thxarmn and productlon of an antl—thxamm analog by rununal thxammase

enzymes (thlammase I, EC 2 5 1 2 thxammase II EC 3.5 99 2) have been shown to be

Ty
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o f,1983 1984) In mterpretmg the feedlot trlal results xt 1s unportant to note that m f ‘
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the rnostQ kely cause for PEM (Edwm et al, 1968~ Edwm and Jackman 1982) Desplte
A \\ e
the strong case for acute tlua

expenment 1 would alsodyqt hsave \sthplied the 21 to 47 mg day thxamm requlrement

_‘.deﬂc;ency in expenment 2 the SO diet fed to cows in

Kl

K ‘assumed by thzen (1973) for lactatmg dau'y cows (cnted by Breves et al, 1981) Ammal

‘ thlamm status data were not determme\d in these expenments

! “\\ .' Y
Influence of §0, on palatabl[lty of HMB . B \/} ,
HMB has been consndered by many to be m&e__pa.leréble than dry barley (Merrxll

1971; Krall 1972; Wmdels 1972 Marx 1981)\ Thxs is perhaps due to the organic acnd

end products of anaeroblc fermentatxon (Weltzlen 1986) Addmonal factors reported to

‘ contnbute to its enhanced palatablhty melude (1) reduced dust (Marx 1974 1981) and

‘ '(2) less scourmg and foundermg in! feedlot cattle ue to more umform dally feed
consumptxon as they are brought onto a hxgh coh&n‘trate dxe\(}(rall 1972 Wmdels 1972
Marx: 1974 1981) The hlgher (P<O0. 05) DMI by co\ws fed dleé contammg HMB vs.

-those fed dxets contammg SO treated HMB or dry barley durmg wk 1 of experlment 1
was a continued trend (P<() 19) throughout the \6 wk trldi ’I‘hxs trend was consxstem‘_
wlth the lower orgamc acnd levels measured in both SO treated HMB\Chapter II) and

E sxlages (Knodt et al. 1952 Mathtson et al.. 1979) The fact thht steers m\ihae study of °

'Fltpot and Pelletxer (1980) tended (P>0 05) to consume more to\tal DM for diet based )
on orgamc acid treated HMB over another based on ensded HMB \al 0 supports this, smce _

total orgamc ‘acid levels in the treated HMB were s:gmﬁcantly hnght}r In- thexr study,
barley compnsed approxlmately 85% of the dlet (DM basis). Howeve\ worlg by \Ingalls
et al. (1974) in which dairy cows consumed shghtly less (P>0 05) total DM, for d\ets
‘contammg 45% (DM basis): ensxled or orgamc acxd treated HMB than on srmxlar dlets
based on dry or orgamc acxd treated HMB, does not support the 'hypothesxs of xmproved ,
palatabxhty due to the orgamc acxd end products of anaerobxc fermentatxon

Accordmg to Krall ( 1972), the superxor palatablhty of HMB results in earher o

| , gams and better final grades in feedlot ﬁmshmg of cattle Our results mdxcate no b&peﬁt )

1o HMB over dry barley, in terms of ADG in the ﬁrst part of the ﬁmshmg penod noxi in’
. better ﬁnal carcass grades These results are consnstent wnth that reported by others
! (Dmusaon et al 1964 thot and Pelletler 1980‘ Kennelly and Matluson 1982 Kennelly

A . ' . N
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' ) ‘ 1

Ay

~

~



- -

/
v

~

a
.

S ‘(Merrtll 1971; Ingalls et al 1974* Mang 1981 Kennelly et al. 1984) However some of

-
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feedlot fxmshmg of cattle, grain moxsture level and processmg, amount ‘and/or type of
roughage influence’ the feedmg va‘lNue of HM grams partxcularly with HM corn and
sorghum (Merrxll 1971 Jones et al. 1974 Mathtson et al. 1981) In a recent tnal with
feedlot calves, however, the feedmg value of HMB was not- mfluenced by the amount
and/or sourCe of roughage (sxlage vs, hay) as measured by performance (Kennelly 1984)

Desptte the slightly htgher DMl (1.1 kg) of cows fed: 502 treated or ensiled HMB
treatments in expenment 1 ‘there was no trend for hlgher milk yield over cows fed the
dry barley treatments In fact cows fed the dry barley diet tended (P<0 13) to convert
DMI more efﬁcnently to mnlk and FCM. Sxmxlarly, steers fed the dry barley dnet in
experlment 2 were 13. 3% ‘more (P>o0. 05) efficient in convertmg DMI o gam than those ‘

fed the ensxled HMB diet. Prevnous resear chers have more often obServed slightly better "

(P>0.,05) feed conversnon to meat or mllk with HMB than for dry barley based dtets

ix{l

.. these results reported may have been confounded by undéresumatlon of DMI and feed

eﬁtﬁenm oven DM determmat.ton of the fermes}:l product (Mathison et al 1981)

Thus, the feeding value of either ensiled or orgamc acid reated HMB is “similar to dry
barley for both lactatmg dairy tows and feedlot cattle 6vhen compared on a DM basls (BP
Chemlcals 1969; Mernll 1971 Wilton 1971; Marx 1973 Ingalls et al. 19747 Schmldt and
Van Vleck 1974; Kung et al. {983, Kennelly 1983; 1984; Kennelly et al. 1984).
lnfluence of SO on carcass and mllk charactenstlcs

, The adverse effect of feedmg SO treated HMB on ﬁnal feedlot wenght and
carcass weight in experlment 2 was logtcal consndermg the reduced performance of steers

fed the treated grain T he mfluence (P>0 05) of NaHCO3 addltlon on increasing carcass

fat depth mtght be partxally explamed by the shght tendency (P>0 05) for steers fed 802

o treated HMB with NaHCO3 to consume, more DM and gain better than steers fed- 802

treated HMB thhout NaHCO Mathlson et al. (1’985) also reported that NaHCO

supplementatlon of SO2 treated HN[B for feedlot steers unproved carcass fat depth, but %

there was no tendency for unproved DMI or ADG over steers fed the same treated gram

' thhout NaHCO ‘The lack’ of performance effect to date by NaHCO supplementatton

of SO treated HMB for feedlot steers suggests that, the mechamsm by ‘which’ NaHCO3
rnay counteract the nonsxgmﬁcant tendency for SO treated HMB to depress carcass fat

H".‘ 2
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measured. Hpwever, sensory <ézralue\t.lon of milk suggests that sulfide levels in milk from
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is metabolic or biochemical in nature. The response may be ruminal since S
su/;;plementation of ruminant diets thn chan'ge.microﬁ)ial and protozoal populations and
Lhéreb_v influence fermentation end product ;oncenu;tions (Bull 1984). For example,
Kennedy (1974) reported that supplemenulxl sulfate reduced rumen proportions of .
propionate and isovalefate in cattle fed grass hay, Enhanced propionate le\ve!s, through

the feeding of high cancentrate diets, are associated with an increase-in adipose tissue

deposition (Van Soest 1982), Thus if the feeding of SO, treated HMB were to have a

| ksxmllar rumen effect to that reported by Kennedy (1974), then tissue lipogenesis would be

‘reduced resultmg in a lower carcass fat measurement, Furthermore, if NaHCO.1

enhances the disposal of high urinary sulfate levels, then the elevated rumen S level from

. feeding SOZ t.reated HMB might be reduced due to 'l'ess sulfate recycled via saliva,

Assuming such an effect from NaHCO 4 addition would facilitate a higher proportion of

propionate in the rumen, which would Jead to high carcass fat through enhanced tissue

- lipdgenesis,

' | The_treﬁﬁment x weight é‘roup interaction for-carcass fat depth is difficult to
ex'plain. Steers from the heévy troup fed either dry barley or ensiled -HMB had 20,1%
lower” (P>0.05) carcass fat depth'thdn those from'the light group. This was not
surprising, since the highér ribeye measurement dssociated with faster gaining cattle, as
observed f(;r‘ t.he heavy group of cattle in expenme\nt 2, is known to be negatively
correlabed wnt.h cz.ircass falx't depth (Lasley 1978), A tule NaHCO3 supplementation tended
Ao counteract the effect of reduced (P> 0.05) carcass?{at depth assuciated-withfeeding-

SO t.réated HMB, it.s influe differed between the light and heavy group, increasing
T

. carcass fat depth by 4.0 and 11 1%, respectively. Furthermore heavy cattle from both

SO2 treatments had a 14.8% greater (P<0.05) carcass\fat depth than light cattle fed the

same diet. This treatment x weight ‘group interaction for carcass fat«depth cannot be \

1

compared with the results of Mathison et al. (1%85) since treatment"x weight group was
not included i in their expenment,al desngn ’

Milk sulfide levels from cows fed t.he t.hree diets in expenment, 1 were not
cows fed SOZ' treated HMB were not markedly elevated. d}her studies conducted with
lactating cows fed varying levels of S via 35802, sﬁlfate,or‘sNa28205 have not shown
significant increases in milk of total S (Bouchard and\‘Conrad 1973b; Grieve et al. 1973),
sulfate (Keener et al, 1953) or sulfide (Weigand et "al.\1972). :
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Conclusion \

} lg conclusion, no DM &ield advantage was measured between high moisture ahd
dry barl(;;; harvesting of swathed grain, Feeding of 802 trez;ted HMB to lactating dairy
cows for 6 wk at 356% of the diet (DM basis) was not detrimental to performance, health,
milk taste or odour. Despite the high dietary S Jevel associated with feeding 802 treated
HMB‘ at 85% of the diet (DM bnsis)', it was believed thaf the reduced performance of |
feedlot steers in a 96 d triul was due primarily to spoilage of the treated grain and Acuto ,

thiamin deficiency,



Table I1I-1 Formulation and chemical composition of dietd for lactating dairy cows in

experiment |

¢

[y

’

.45'

Treatment Dry barley En"siled HMBt- \SOZ tteated HMB
I Ingredients (% dry matter) |
Cereal silage 37.0 37.0 37.0
A ‘.Chopped alfalfa hay ' 130 13.0 ' 13.0
Rolled barley | 35,0 35.0 35.0
Canola meal 11.8 11.8 1.8 -
: Molasses‘u‘ » 1.36 1.35_ . 1.35
Dicalcium phosphate 0.75 0.75 0.75
Calcium carbonate 0.53 0.53 ~ 0.53
Trace mingralized salt} 68.53 0.53 0.53
Vitamin premix§ | 0.04 0.04 0.04
Chemical-analysis (Dry matter basis) .
Dry matter (%) 54.7 51.8 51.4
Crude protein (%) 16.0 159 15.9
Acid detergent fibre (%) 20.0 20.8 19.9
Calcium (%) ¥0.98 0.98 0.95
Phosphorus (%) - 0.46 0.46 0.44
_Sulfur (%) 0.20 - 0.20 0.32
Thiamin (mg kg™ 1) 1.67 1.67 W 0.83

tHigh moisture barley.

$Provided per kg of dry matter diet: 0.53 mg iodine, 40 mg zinc, 0.21 mg cobalt, 13 mg

copper, 19 mg manganese, 0.13 mg selenium.

§Provided per kg of dry matter diet: 4500 I¥ vitamin A, 1600 IU vitamin D, 14 TU

vitamin E. -

-



46

\

Table 11I-2 Formulation and chemical composition of diets ,szr feedlot steers in

experiment 2

SO, 802 treated
| Dry Ensiled treated 'HMB
Treatment ’ barley HMB1t HMB + buffer

Ingredients (% dry matter)

| Chopped grass hay - . 10.0 - 10.0 - 10.0 4 10.0

Rolled barley 850 850 850 84.25
Supplement? a4l 4.75 4.75 a5
Vitamin-rumensin premix§ , 0.25 0.25 - 0.26 0.25
Soa\i‘um bicarbonate . - — 0.75

Chémicél'ahalysis (Dry. matfer basis_) | V
Dry matter (%) . ‘85.7 ) 72.0 7'1.5 71.5

- Crude protein (%) 115 11.0 C1L3 11.3
Calcium (%) ' 0.51 0.51 0.49 0.49
Phosp;wrus (%) 0.30 0.31 - 0.27 . 0.27
Sulfur (%) - 0.15 0.17 0.46 046
Thiamin (mg kg™!) 617 © 651 4.17 417

tHigh ‘moisture barley.
1Containing: 66.3.%, ground barley, 25.0% calcium carbonate, 5.7% Lracé mine;alized salt,~
3.0% wet molasses. TM salt.prov-ided p'c‘?r kg of: dry matter diet: 0.27 mg iodine, 20 mg
zinc, 0.10 mg cobalt, 7 mg copper, 10 mg manganes'e, 0.10 mg selenium.
‘ §Provided per kg of dry matter diet: 5.5 mg't.hiamin As thiamin mononitrate, 5§500°1U
vitamin A, 900 TU vitamin D, 6 IU vitamin E, monensin activity of 11 and 33 mg for

day 1-28 and day 29 to the end of the trial respectively.
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Table 111:3 Effect of treatment on feed intake, performance and milk composition of cows ‘:-.

(exp. 1) ‘ . . \

'SOZ'.
Dry Ensiled treated ‘

Parameter _ barley -  HMB? HMB SEM?  Sig
No. of cows 12 12 1i
DM intake (kg d™%) | 19.6 212 " 202 0.63 NS
Pre-experimental milk - ) ', | _

yield kg &™)\ 258 244 240 086 NS
Milk yield (kg d™1) - 246 22.6 21.7 143 NS
4% FCM (kg dY) - 23.7 22,1 21.4 ' 1;43 NS,
Milk fat (%) . 3.81 391 ° 393 015 NS
Milk protein (%) 331 3.32 3.43 . 009 NS
Milk lactose (%) - ° 493 4.74 475 © 008 NS
Milk persistency (%)$§ 94.4 92.6 90.9 " 239 NS
FCM/DM intake 1.21 1.04 1.06 0.06 NS
Liveweight change '

kgwkh) 165 193 1.68 0.69 NS

tHigh moisture berley.

+Standard error of the mean.

' §Miik persistency = 100 x (treatment milk yield/pre-experimental milk yield).

NS P>0.05. ‘ o ~

'
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A
Table I1I-4 Effect pf t‘reavtment on performance of feedlot steeré (exp. ‘Z) . O
\-Ji | S0, SO, treated
e Doy Ensiled treated HMB
- Item barley o HMB1? ‘ HMB + bufTerm SEMI Sng
No. of steers 16 16 14 16
Days on tridl 96 % 96 96
Initial wt (kg) - . 391 389 387 . 393 - 543 NS
Final wt (kg) 515C R 11 : 467fj ; 4734 . 890 *
Daily gam (kg) . ) ‘ ‘ _ ‘
Day 1-28 ©125% 088 * o5 . osd® 005
Day20-57 . 139 L40, - 065 . 405 009 NS -
Day 58-96 1.23 1.13 L 113~ . 090 . 008 NS '
Day 1-96  © 1.282 1140 0.83° | 0,84%> 0.07" =
Daily DM intake (kg) o - Lo .
Day'1-28 - 798 161 . 721 132 022 NS,
Day 20-57 ,  9.17° . 9.03% . 8.009 go3d . "o.24 =
Day58-96 9045 . 896 7960 . sord o2 -
' Day 1-96 . 8T - 8.59% 7'.782.9- s 025 v ]
DM intake/gain . ’ _ o \ .
Day 17-25 L | 6.25% 8.33% 12.50° 14.29% 032 »**
' Day 20-57 . 667 667 . 1250 | 769 0.42 NS
Day 58-96 . 7.14 feo " 114 ' 909  '0.40 NS
Day 196 ' 667  7.69% | 9.00® . 9.00° 038
") ‘ » . . . ! . . ,a_
A‘Tﬁiéh moisture’ bé.rley. - n
tS“tand:—ird.e'rror 3f the mean. . N -

*P<010 "P<06;'NSP>010, SO .

a'bMeam; Mt.hm t.he same row with, dlﬂ'erent letters’ dxffer sngmﬁcandy (P<0 05)
‘c—dMeans anhm the same row ‘with dnfferent letters differ sxgmﬁcantly (P<0. 10) - .;' o

V. . K . .
. »

i L L \
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Table II1-6 Effect of treatment on carcass characteristics of finishing steers (exp. 2)

49 .

802 .trea‘ted‘

* P<0.10, NS P>0.10

»

S,

‘ .a'bMeané_\;rithin the same row with different letters differ signiﬁcahtlj/ (P<0.10).

S0,
, Dry.  Ensiled ti‘eated" ‘ HMB , /
hem . b et meB b b SEMD S
No, of steers | 16 16 14 16
Warm carcass Wt (kg) 2882  283° 264D 27eP 467 *
Dressing (%) 569 568 564 57.2 0.36 NS
Rib eye area (cm?) 749  73.7° 68.5 73.0 0.59 NS
Fat depth (cm) - | 1.13 1.02 40,99 108 . 0.07 NS
Gradé (no. of | .
carcasses) e ‘
Al g 12 11 10
A2 1 g 3 '3
;A3' o s
‘ B1 S B | | 3
Abscessed livefs %) 19 19 14 25
tHigh moisture barley. ¢
| ;Sta;ldérd error of the mean. 133 ) ?
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THE PERF ORMANCE AND THIAMIN STATUS, OF PIGS FED SULFUR
DIOXIDE PRESERVED HIGH MOISTUR.E BARLE\\

-

oA INTRODUCTION o ‘
The feedmg value of enslled or organic acxd treated high ‘moisture barley (HMB) 1sl
‘ snmnlar to dry barléy for pigs when compared on a dry matter (DM) basis (Cole et al, |
1970; Perez—Aleman et al. 1971 Bowland and Corbett 1973 Englxsh et al. 1973 Cole et
" al. 1975 Cole et al l980 Weltznen I986) provxdmg HMB is stored in a manner which
prevents spoxlage (lemgswne and anmgston 1970 vamgstone et al.’ L971) One
dlsadvantage assocxated wnth HMB anSes from t.he need to mix diets on a daxly basxs o
prevent mould growth and spoxlage (Jones et al 1974). Whlle the use of orgamc .acids
help in this regard (megstone et al. 1971 Jones et al 1974), they are presently too ,
expensive for routme use. Therefore t.he need st.xll exxsts for effective and. economlcal
grain preservauvea (GP) as alternauves to drymg grain.’ :
. The antlmlcroblal acmvny ‘bf sulfur d:oxxde (SOZ) and its salt sodium,
metablsulﬁte (Na282 5) is known and t.he chermcal has a long hlsmry as a preservatxve -
‘ | in the food and beverage mdustry (Schmeter 1966) SO has proven. .useful as a sllage
| preservatlve (Knodt. et al. 1952 Pet.rosyan 1967; Maﬁhxson ot al 1979, 1984) and as a
microbial growth mhlbltor in low temperature gram drying (Eckoff et al. 1979; 1983)
Recently, t.he potennal of SO as a GP for iIMB fed to ‘cattle has been reported by
mn et al (1985), but information as to the feedmg of" SO2 preserved hngh monsture
gram to swme is not available. \ ‘ ‘ )
Thls expenment was desngned to: (1) determme the feedmg value of SO treated
IHMB for pigs; (2) determme the effect of feedmg S02 treabed HMB on the thiamin status "
of plgs, ‘and’ (3) evaluate the effectiveness of SO2 in prevent.mg spoxlage of a: HMB based

dlet fed over several weeks. -

et . N

B. MATERIALS AND METHODS . , -~ 5

(30 w 32% mmsture) was ensxled in a Harvestore® silo or treated w1th 1%

: (Wt/wt) O2 as pre\nously described. (Chapter II) Dry barley was. storedat 12 to 14%

-
N .

o ‘. f L e
: .o
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moisture. Treated HMB w"a's" initially stored in a large ‘seale (69 t) near anaerobic bin o ‘

- and later m small scale (700 kg) aerobnc boxes (Chapter II) T he feedmg tnal commenced

167 d aﬂer SO, apphcatlon R S Coa o B : _— '
. [ | | ' ' | | “ | ' |
Growth trial ~ Phase I = N
e [ ‘ : .
\“\_W . Forty—ﬁve weanling pigs, of an average welght of 10. 6 kg and average age of 35

d, were allocated on the basis of sex and welght to five dnets for a 28 d trml (Table lV~

Barley was: hammermnlled through a 3.2 mm sbreen and mcluded in all diets at a47% ‘
inclusion level {DM basis). Treatments one and two were the control dlets based on dry o
‘and HMB, respectxvely Dlets three four and five were based on 50, treated HMB

Bawhes (500 kg) of diets- one and three were mlxed at the start of the expenment whlle .

diets twp, four and ﬁVe were mlxed on a dally basxs, ~«D1et three was, mxxed once and l' B
stored in unsealed 25 kg bags at 16 C for the 28 d test penod Dxets one two and three : |
were observed dally for any visible signs of spodage Fermentauon end products ol‘ dlet ." S
three were measured ona weekly basxs Feed from mdzvldual bags that elther heated or
looked ‘or smelled mouldy, was not fed. ‘Diets four and ﬁve were mlxed daxly, diet five
‘v differed from diet four by the addmon of 2.0 mg thiamm kg 21 dlet \ R
Feed and water wel‘e avaxlable ad hbltum P)gs were’ mdlv;duallg' housed in . 0
raxsed weaner decks and in slatted ﬂoor pensv Barn temperature was malntamed at 22 !
to 23° C. Pig wenghts were recorded weekly. | h
Three plgs were randomly chosén from each treatment with the exception of y
',trea.tment one due to limited time for'analytical }Nork,‘ and blood samples wereitaken k |
. from the anterior vena’cava from each pig on day one, 14 and 28 for th}iamin“‘

- determination. . ‘ )

Growth tnal - Phase II

To assess the long term effect of feedmg SO treated HMB on pig performance
and tlnamm status, pngs fed daily mixed diets based on the HMB. control and 802 treated
HMB treatments two and four respectxvely, were contmued on test to- 85 kg hvewelght ‘ B " | "
Dlets contmued to be mixed daily, but were reformulated (Table IV-2) to: contam 75%: Lo ,‘f :
barley (DM basxs) Ba‘rley was hammerrmlled through a 4.7 mm screen 'as hxgher . |

l '

amblent temperature made gqndmg through a 3. 2 mm screen more dxfﬁcult ' S o

N ‘
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Feed and water were available to the pigs at all timés. Pigs in each txjeatmen\‘t \
group were initially housed .as one group of nine per pen and later in two pens of five and
four pigs per group, Barn wmpex;ature was maintained at 18 to 20°C throughout the

trial. Individual plg welghts and feed intake per pen were recorded weekly,

Plgs were slaughtered after 76 d on test at approxxmawly 85 kg. The day before
slaughter all pigs were blood sampled from the anterior vena cgva for thiamin
determination, * At sluughter‘,\ six pigs per treatment group, were selected (three heaviest,
L‘hree lightest) and subjected to gross postmortem exdrﬁinmlo‘h for possible abnormalities
caused by high dietaryﬂsulfur (S) lével and/or dietary thiamin deficiency. ' Heart, liver and
small intestine were visually assessed for incidence of cardiac hypertrophy, colour and
size; inflammation and hemorrhages, Pork chop samples were’taken 20 min after
slaughter from the longissimus dorsi muscle, This meat was frozen immediately and

stored at ~22°C until analyzed for w;,a,l\&hiamin.

\

Analyticél Procedures

Feed samples were taken wéekly, frozen imimediately and stored at -22°C until
composited for chemical analyses. Diets were analyzed for DI\"I crude protein and
thiamin according to the methods of the Association of Official Analytical CheTmst,s
- (AQAC 1980). Feed s\amples were freeze-dried and ground to & homogeneous powder
(0.6 mm) prior to thiamin and S determination, Sulfur was determined using a 'LECO
'Sulfur Determmamr SC132 (St.” Joseph, MI), as described in Cha’pt;er II. Ona weekly
basis, 5 to 6 g samples of diet three were analyzed for volaule fatty acids (VFA), ethanol
" (EtOH), lactic acid, furfural, ammonia-nitrogen (NHa—N), pH, and moisture according to
rﬁethods previously deScr:ibed (Chapter II). Acid deterfent, msoluble mu‘ogen (ADIN), was
determmed according to- Goermg and Van Soest (1970)

Thiamin status of the } pigs was assessed by “erythrocyte t.ré.nskeiolase (EC
©2.2,1.1) activity (ug of pentose utilized mL of hemoiyzaté"lm‘l) and it,s' in vitro
stimulation by the addition of thiamin pyrophosphate (% TPP effect) (Brin 1970). This
method is recogmzed as being ‘a sensitive, speciﬁc‘and reliable measure of thiamin
" nutriture in humans and rats (Tanphaichitr and,.Wooc‘i 1984) as well as 1\(\1 pigs (Peng and

- : !

Heitman 1973). Gl

-



Meat samples (2 g) were analyzed for total thiamin by high perforr;mnce liquid
chromatography (HPLC‘) as per\Fellmun et al. (1982) after homogenization and
deproteinization with 10% tnchloruceuc acid (Kazuhxko et al, 1979) (Alberta Agrlculture
Food Laboratory Services Branch, Edmonwn Alberta), The procedure (fﬁ‘erod from that .
of Fellman et al, (1982) in that: (1) 2 mL of 12N HCI were added to each deproteinized
sample followed by autoclaving at 121°C/103 kPa for 30 min, and (2) acid p'hosphutase
(EC.3.,1.3.2) from human prostrate (CalBlochem San Diego, CA) was used to
dephosphorylate thamm»phosphate esters, A Lab Data Control Constametrlc lll HPLC
equipped with a fluorometer (Perkin-Elmer 650 10S) was used to separate thmmm and

analyze for the thiochrome produced in the procedure,

Statist‘ioal Analyses .
| 'For diet three in Phase 1 of the growth tr'ial! the relationship between storage
time and fermentation products was determined by Pearson correlation coefficients (Steel
and‘Torrie 1980). A ov-test (Steel gnd Torrie 1980) was applied to chemical data collected
for preserved aﬁd spoiled samples of this diet to assess diﬁeréncqs. Thiamin changes in
diet three, due to 802 expo§1;re over the 28 d storage period, were examined by one Qay

analysis of variance (ANOVA) (Steel and Torrie 1980) with time as the source of
variation, '
In Phase [ of the growth trial, pig performance, % TPP effect, as well as mean
dietary thiamin levels were subjected to one way ANOVA: to examine differences between
treatments. Using actual d!etary thiamin levels and % TPP effects as distinguishing
criteria, the performance of pxgs from any treatment group assessed to be thiamin
inadequate was compared, by orthogonal contrasts (Steel and Torrie 1980), to that of
. pigs from thiamin adequate treatment groups. The relationship between time on trial
and % TPP effect was essessed by linear regression for all dieiary treatments.
In Phase II of the growth trial, a t-test was applied to dietary thiamin, % TPP
effect and pork chop thiamin data to examine dlfferences between treatments. Average

.

daily-feed intake, average daily gain md feed:gain ratio data were not statisticallv

analyzed for thé?poftion of the experiment because there was orily one pen per

treatment.



 C. RESULTS

.Diet preservation during Phase I of growth trial

The SO2 treated HMB that was stored throughout the 28 d trial (D’iet 3)
remained well preserved until day 18 of the trial when pockets of warm and mouldy.feed
were discovered in some of: the feed bag.;;. However, less than 5% of the 5'00'kg prepared
on day one of the trial was‘lost due to spoilage. Spoiled fged containing 802 treated
HMB was characterized by a higher (P<0.05) EtOH concentration and tended (P>0.05)
to have higher c;)ncentratjons of acetate and furfural than feed which remained preserved
(Table IV-3), While higher (P< 0.01) levels of ADIN and moisture were measured in
spoiled feed, no difference (P>0.05) in NH;-N ’concentration' or pH was measured
between quiled and Prese}xed portions of diet three. . .

Duri‘ng the 28 d trial, diet three was marked by diminishing (P<0.05) EtOH and
acetate leyels over ﬁme (r=-0.66 and -0.67 respectively; n= 14).' Ration moisture loss
from the unsealed bags amounted to 5.77% during week one of storage, thereafter there '

was no significant (P>0.05) loss of moisture. Lactate and NH3—N Jevels increased

e

e

(P<0.05 and P<0.001, respectively) with time while pH and ADIN levels remained

stable.

Growth! 'I"rial - Phase 1 ) ‘ ,

One pig died as a result of .hypdthermia, caused by a bro'ke‘n water li.ne. | Héalth
of the pigs during Phase I of the growth trial was otherwise good.

Feeding of diets containing sz treated HMB.did not ‘influence (P>0.05) average
daily feed intake (ADFI), growth rate or feed:gain ratio (Table’IV-4). Diet thfee, the
802 treated HMB based ration mixed once and then st;ored oy’er the 28 d feeding trial,
had a negative (P<0.01) influence on animal thiamin status as measu;'ed by % TPP
| effect. Chemical -analysis revealed that this was the only diet deficient in t.hxamm
according to NAS-NRC (1979) recommended requirements.

A hégaﬁve correlation existed between % TPP effect and feed intake (f=—0.§4;
P<0.07) for the three pigs, fed the thiamin '_deﬁcient c’liet, which were blood sampled for
thiamin determination. Percent TPP effect increased (P< 0.001) with time (r=0.92, ,

n=9) for pigs fed diet three. This trend was consistent w1t.h the thiamin destr¥ction rate

¢
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in diet three. Chemical analysis revealed that 31 and 61% of the initial .thiamin in this
diet was destroyed at 1 and 7 d, re&;pectively after mixing (Figure IV-1). Thiamin levels
did not din:inish (P> 0.05) significantly in this diet between day sevef\ and 28 of thel |
storage pf;riod. No sigx‘miﬁcant trend éxigted between % TPP effect and time for any other

treatment groups. '

Growth Trial ~ Phase Il

Pigs fed the SO,, treated HMB from 28 to 85 kg had 4 9.8% lower feed intake
. ;

2
and 9.0% lower rate of gain than pigs fed the HMB conﬁrql diet. Treatment did not
appear to influence feed:gain ratio, All pigs completed the trial and appeared to remain
healthy, ‘

' Measures of thiamin adequacy are presented in Table IV-5. The mean thiamin
level Qf the '802 treated HMB based diet was lower (P<0.001).than that of the comrol.
diet based on ensiled HMB. Pigs fed the 802 treated HMB were thiamin depleted
(P<0.001) at slaughtexl* as indicated by Higher % TPP‘ effect and lower pork chop thiamin
levels than measured for pigs fed the control. ' '

Post;11§rtem Aexamination revealed an 83 and 0% incidence of cardi&c hypertrophy
in pigs fed 802 treated and ensiled HMB diets, respectively, There were no liver
abnormali&ieé ‘obserired in pigs frorn\ either treatmeml group. Duodenal gas}:ric mucosa
' were characterized by hyperemia and petechial hemorrhaging’ in two of the six pigs

slaughtered from the 802 treatment group while those of pigs fed the control appeared to

be normal. . ' . -
D. DISCUSSION

Diet preservation duriné Phase 1

Increaséd levels of EtOH, acetate, furfural, ADIN and m;)ist,ure in spoiled.port.io.ns
of diet three indicate a loss of antimicrobial efficacy, with time, by 802. A one huhd_red
fold increase in' EtOH concentration pr:ovid‘es evidence of yeast pfbliferaf.ion, because t.he.
major fermentétion by yeasts is an ethanolic one (Woolférd' 1984). Similar 'chemical

changes were measured in SO2 treated HMB which spoiled (Chapter II). '
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"The lack of VdifTerencel(P>0.05) in NH3—N eonceptretion, between preserQed and
spoiled portions of diet three, suggests no appreciable loss in' protein qdality via rnicrobial
proteolysis. However, this comparison‘is confounded by the fect t,lxat NH3-—N levels
increased (P<0.001) with storage time even in the 475 kg baéged portion of diet three
‘which remained preserved (r=0.91; n=10). This resulted in an NHB—N level at day 28
| of alrno.st twice that measured on day' one of the feeding trial. A similar but
nonsngmﬁcant P>0. 05) trend in NH3-N concentrauon over tlme was observed in
prevnous work wnh SO treated HMB (Chapter 1I). It is unlikely that t,he mcreased
NHa-—N level in this dnetary treatment had any significant influence on rauon palatability
or plg perforrnance because: (1) NH3—N level never. exceeded 0.01% of the,ration DM rlor
did it influence (P> 0.05) ration pH, and (2) the finished ration retained its initial‘
appearence and smell throdghout the 28 d feeding period. Increased (P<Q.05) lactate
levels observed in the preserved portion of diet three with time (r= 0.67; n=10) imply
enhanced activity of lactic acid ‘bact;er.ia. This trend is consistent with previous

observations made for SO2 treated HMB which remained preserved over a 9 mo storage

period (Chapter II). ‘ (_;f \

' Growth Trial - Phase 1

The performance of pigs fed diets containing either HMB or SO treated HMB ﬁ
in general agreement with results. of other studies, cconducted with gr0wmg—ﬁmshmg plg%
in which diets included either ensiled or orgamc acid treated HMB which did not spoil
(Cole et al. 1970; PerezéAlemen et al. 1973; Bowland and Corbett 1973; English et al.
1973; Cole et al. 1975; Cole et al. 1980) Welt.zien (1986) reported increased (P<0 05)
ADFT for pigs fed HMB compared to those fed a dry barley based diet. As.a result,
there was a tendency for improved’ growt.h rate and feed:gain ratio but differences were
nonsignificant. Weltzien suggested that daily grinding, mixing and feeding of the HMB,
coupled with daily removal of uneaten feed ‘may have been responsible for t.he hxgher
. ADFI of p:gs fed this diet since the dry barley diet was added to feeders on a weekly |
basis. However, Weltzien’s study mdxcated no'difference (P>0.05) in' ADFI of pigs fed ‘. '
| dry barley when added dally vS. weekly to feeders. Weltzien (1986) also. suggested t.hat,
the ensiling process may have enhanced grain palat.abxhty The results of English et al
: (1973) md;cat.ed that the A’DFI of pxgs fed diets based on propionic acxd‘ treated HMB was

‘ ' . v
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similar (P>0.05) to that of pigs fed a dry barley based diet when both were mixed and

" fed thh the same frequency.

The % TPP effect measurement of Brin’s (1970) t,ranskeu)lase assay was used to
B . ‘\ .
determine prg thiamin_status because it is recogmzed as being aﬁensmve specific and

" rellable measure in humans and rats (Tanphanchltr and Wood 1984) as well as in pigs

(Peng and Heitman 19’73) The merit of the ass;av in evaluating thiamin status is that

the coenzyme TPP derived from dietary thiamin, is essentlal for the acthty of the

transkewlase enzyme (Brin 1970). Thus, a higher % TPP effect mdlcates greater n ‘

t,hlamm deficiency. Thiamin determmatlon of whole blood was not used because present

methodology is unsahsfactory in revealing the small decrease in blood thiamin which

~ occurs durmg a thiamin deﬁcxency (Sauberllch 19842 F urthermore Schruver et al.

- (1982) have determined that erythrocytes contain 80% of the thlamm present in whole

blood.

N ! ? P

Itis not surprlsmg that dlet threé was the only dlet that negatively mﬂuenced

Y

(P<0.01) animal thlamln st,atus as measured by % TPP effect, because this dleﬁ )
average@%o&&e«NA&NRGﬁMQ) recommended thnamm level for ‘growing-finishing
| szme Pigs fed the thxamm deficient dlet three had a 5.4% lower ADFI 6.7% lower
‘growth rate and 1.9% poorer feed:gain ratio t;i‘an the respect.xve mean figures of plgs fed
thiamin adequate diets, although these differences were not significant. Reduced appeute
and dgrowth rate are clinical signs of thiamin deﬁciency NAS—NRC (1979), but c'ertainly
not umque to a deficiency of this v1t,am|n Correlauon between % TPP effect and feed
intake- -among three pigs fed diet three (r=-0.94; P<0.07) indicated that reducuons in

~ ADFI were largely explained by increasing thnamm deﬁmency. Direct evidence of
increasing (P<0.001) seventy of thiamin depletion were prov:ded by mean % TPP effects -
for pigs fed diet three of 1.9, 10.5 and 19.4% at day one 14 and 28, respectively
(r=0.92; 1=9). Peng and Heltman (1973) reported that % TPP effects of 23. 3% (also
based on pentose utlhzatlon) for growmg—ﬁmshlng swine were accompamed by reduced
feed intake and rate of gam In humans, % TPP effects of 15 to 25% mdncate margmal
thiamin deficiency ° wluch may precede the appearance of chmcal signs of thiamin

- deﬁclency (Brin 1970). ' . N S _ .
Thxamm in all diets contammg SO2 treat)ed HMB v;ould have tfeen'destroyed'v by
. 802 and its bisulfite ion, but pnrnanly the latter because the blsulﬁte form of 80, was-
: favoured at the dxet pH of circa 5.4 (Green 1976) The rapxd destructnon of thnamm in



’dlet three at a 16°C storage temperature 18 to be expected consxdermg that. after swrage
for 2 wk at - 18 C and 24 hr at 24° C Txl et al. (1972a) observed dletary t.hlamin losses

~of 3.5, 28.9 and 30 7% from 0. 0 1.0 and 2 0% (wt/wt) addmons of Nazs 05,

respectively (SO equlvalence of 0.66 and 1.32%). Thiamm levels likely did not .

‘significantly (P>0.05) diminish i in diet three after seven days of storage because the

0. 14% level of 802 and/or bisulfite may have been depleted due to. bmdmg wnth dnetary
th)amm protem sugars aldehydes and lignin (Eckoff and Okos 1983), as well as by
oxidation to sulfate (Lozeman et al. unpubllshed) To have supplemented even hlgher
levels of thlamm to' ensure that requlrements were met in diet three would have been
economlcally feasible. Supphed aslthlamm mononitrate, the cost of supplementing twice
NAS—NRC (1‘979) ‘recommended'thiamln levels would cost less than $0.01 per pig perl

day Such a precautlon mlght be of no beneﬁt however, consndermg the rapld rate at
which 802 destroys thlamm )

. Considering the madequate thnamm level of dlet three and the mcreased seventy

- of t.hlamm depletion observed with time-in pigs fed this dlet one would have expected a

more ‘adverse effect on pig performance. Pigs fed diet three may have deterred- chmcal
thiamin deﬁcnency by.utnhzmg tlssue thiamin stores accumulated durmg‘the 35d perlod

' from birth t'd the st,art of the expenment Heinemann et al. (1946) concluded that pigs
“do have the ability to store thiamin in tlssues because 56 d were requxred for pigs fed a.

- thiamin deficient dlet to lose their appetltes Van Etten et al (1940) implied that the

" inclusion of tallow in pig diets may reduce the animal’s need for t.hlamm Thxs may be
'.explamed by the fact that as the proportlon of dietary energy from fat increases and that

- from carbohydrate decreases the thxaxmn dependent oxxdatnve decarboxylatlon of v

pyruvate to acety] coenzyme A is reduced, a reaction whlch is essential in the utilization

. of carbohydrates for energy (Lehmnger 1982) The work of Elhs and Madsen (1944)
indicated t.hat. on the basxs of the txme reqmred for reduced appetlte and growt.h rate, pngs ‘ |

Ifed thlamin-fr diets thh 2, 11 and 28% tallow showed evidence of t}uamm deﬁclency,

‘« . on ‘average. after 25, 28.and 33 d of feedmg Based on the: (1) muumal amount of

- dxet.ary energy from. carbohydrates replaced by 2% tallow mclusxon, and- (2) results of .

b Ellxs and Madsen (1944), we would conclude that the thnamm nutnture of pxgs was o

, probably not mﬂuenced by the mclus:on of tallow in the experunental dxets ‘
o Dat.a collected for pxgs fed dlets four and ﬁve were exanuned on the basns of /



, per‘formance‘ for palatability and/orvboxi'c.ological effects of SO2 in the diet since neifher |

‘ treatment. was confounded bylthiaminl deficiencies. The similar (P.>‘ 0.05) performance of P
pigs fed these diets compared to pigs fed 'either dry or HMB cont.rol diets suggests t.hat .
short-terrn feeding of 1.27 gof S pig—1 day from SO2 (67 mg of S from S0, kg of
rbody weight (bw d” ) had no palatablhty or t,oxxcologmal effects. Similarly in a 48 wk ’
Vtrlal with plgs, Til et al. (1972b) reported that 0.35% (wt/wt) anS O (2.83 g of S

1 of bw d” ) in diets heavily supplemented'

from SO, pig” 1 g1, ; 28 mg of S from S0, kg~
with thnamm had no ill effects on pig health or performance At 0.83% Na S O5 (6.7 g

of S from 802 plg d 1, ; 65 mg of S from S0, kg‘l of bw d ) plgs remalned healthy

but performance was reduced sllghtly and mild mﬂammatxon of swmach gastric mucosa

~ was observed ‘in several animals. Til ét al. (1 972b) concluded that the effect.s of hxgh
sulfite levels on performance were due, to less palat.able dlets Since plgs fed SO treated
HMB, at 47%. of the 'diet (DM basns) consumed a dxet with an SOZ—derlved S
Iconcentratxon lower than that of the O 35% NaZSZOfi treatment fed to pigs in the trlal of |
Til et al.- (1972b), one would expect no effect on diet palatability or animal performance
as mdeed observed for pigs fed the thlamm adequate diets contammg SO treated HMB.

‘ However from a toxxcologlcal perspectlve (i.e. mg of S from 802 1of bw d” ) pngs ‘
mgested equal amounts of added S from SO as those fed the 0. 83% Na S 05 treatment
in t_he tnal of Til et al. (1972b), this might suggest similar predisposition to stomach
inflammatjon.: ‘ ' . . . Co - . ‘e'l

_ Growth trial - Phase II .

Thiamin status crit.eria (Table IV—5) indicate that fhe ‘major cause for redu'ced
performance of pigs fed a diet contalmng SO treated HMB from 28 to 85 kg was

' »thlamm madequacy The good health of the thxamm depleted plgs is in contrast. wnt.h
other reports concermng pngs fed thiamin deﬁcxent dlets m whnch vomitmg (Elhs and ‘
Madsen 1944; Hememann et al. 1946 Miller et al. 1955; Peng and Heltmann 1973), suff

'galt and poor movement, coordmatlon (Peng and Heltmann 1973) were observed

_ Mean dietary thlamm levels were 2.65 and 0 21 mg kg DM for the HMB
'cont.sol and SO2 treatmenta respectxvely These levels were 217 and 11% of the thxamm ‘
" levels’ recommended for growmg-ﬁmshmg swme (NAS—NRC 1979) Prevxous research -

Lo

. w1th pxgs has est.abhshed that: ( 1) tnssue t.hlamm levels aré propomonal to the amount of

e



" thiamin ingested,‘ and (2) additional thiamin over and abo\}e daily requirements
contributes to tissue storage (Hughes 1941; Ellis and Madsen 1944; Heinemann et al.:
5_&946) Therefore, the reduced pork chop thiamm levels observed in pigs fed the SO

treated HMB diets, in thns study, is consxsten with these results:

[T

Mean % TPP effects measured one day pnor to slaughter were l 8 and 40.3 for
the control and 802 treatment fed pigs, respectively. Seventy five days earller (i.e. end
of growth trial - Phase I) mean % TPP effects from pigs fed the same treatments were
1.58 and 0.31, respectively These changes mdncate t.hat pngs fed the HMB control |
remamed thiamin adequate, but those fed the SO2 treated HMB went from adequate

‘ thlamm nutnture in short—term feeding ( 10 to 28 kg) to thiamin depletlon in long—term
feedmg (28 to 85 kg) accordmg to % TPP effect guldehnes for humans (Brm 1970) and
" those reported for plgs (Peng and Heitmann 1973). A subclmlcal sxgn common, to either
: thiamin or . copper (Cu) deflclency is cardlac hypertrophy (NAS—NRC 1979). Sulfur as
sulﬁde can react w1t.h copper (Cu) and/or molybdenum to Jnduce a Cu deficiency | v
(NAS-NR‘\& 1980) Unlxke rummants pxga do not have the capacnty to reduce sulfate to ‘
gulfide in the foregut (chk et al. 1975) Therefore, a Cu deﬁcnency would not be. '
,expected wrth feeding SO treated HMB to plgs since the added S unless bound w1th

a feedstuff components is prunanly in the form of molecufar 802, xts xons or sulfate not. .

‘sulﬁde (Green 1976 Lozeman etal unpubhshed Chapter II) S o ."

Thxs is probable because pigs fed SO2 treated HMB at 75% of the dxet (DM basns) m
Phase II of this experlment daxly consumed on average, 2.8 g of added S kg"1 of DM
Til et al (1972b) stated this to be the “adverse effect level in pigs. fed dxets containing
' Na23205, reporting reduced dlet palatability and mild mﬂammatlon of stomach gastnc
~ mucosa. The occurrence of hyperemxa and petechlal hemorrhagmg of duodenal gastnc
. lmucosa in two of six plgs fed the SO HMB was not surpnsmg smce plgs consumed on
_average 98 mg of S from SO2 kg'1 of bw 41 and Til ‘et al (1972b) demonstrated that
" 65mgof S from Na2$205 kg~ of bw d' 1 caused similar changes in pxgs The irritant
‘ | effect. of hxgh dlet.ary Son the dlgestxve tract, in bot.h monogastncs and rununants is”
| . beheved to be caused by lts conversnon to hydrogen sulﬁde by gastromtegtmal flora ',"
"'g'v»(NAs-NRcweo) e e
, " - In conclusnon, feedmg of 802 treated (1% wt/wt) H.MB to wean r pigs at 47% of
{ L ‘the dlet (DM basxs) was not. det.runental to performance The reduced performance of |
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growmg—ﬁmshmg plgs fed a diet contammg a 75% dlet,ary lnclusmn level (DM basls) of
802 treated HMB was due pnmanly to thlamm depletion. Reduced diet palatablhty and "
toxicological effects on the dngest.nve t.ract due to the high dnetary mcluslon level of SO
treated HMB may have also contnbuted to the reduced performance of growmg—ﬁmshmg

. 'pigs fed the SO2 treatlnent While SO eﬂ"ectwely preserved a HMB based diet for 18 d |
at 16°C 1ts value m preservmg swme dnet.s based on hlgh moisture gra,ms may be

hmmed due to the rapld rate at which it destroys dnetary thiamin.
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‘ 'i‘able Iv-1 f‘ormulatioﬁ and chemical comp(;sition of diets in P?uise I of gréwm trial
. ,
Dietno. . . .1 2 3 4 5
» Trea‘t,mentv | I 'Dry, Ensxled 802 treated SO treated SO treated
| bariey | HMB‘{ -HMB HMB ' HMB
| ‘ N ' + thlammt‘

—_—— : ‘ ' ‘
Mixing frequency 28 days  daily 28 days daily daily |
Ingredients (% dry matter) ‘

Barley . . 47.0 470 a0 lano 47.0

Soybean meal ,32.80} ‘;32.80‘ 3280 | 32,80 132.80

" Oat groats \ 13.80 ' 13.80 , 13.80 13.80 . 13.80
Tallow L 20 . 20 = 20  2.0m 20"

. Calcium phosphate o nes - 1:65 1.65 . 1.65. T 45 |
Calcium garbonabe | ‘i.‘io " 1.10 | 1.10 1.10 1‘..10 o
lodized salt a o 055 085 1 .0.85 .. 0.55 0,55

.Vitaniin;mingral premix§ 1.10 1107110 -, L1060 110

. ,“..(.;lf!'emical a;ialysis (ljry matter basis) ‘ | - T
Dry matter (%) ' - 887 788 ° 8.0 a0 77.0
Crude protein (%)v' , © 26.0 . 261 - 264 7 25.0 f""‘\-«,‘\\_zsov
‘§f.l'l1r'(%)i 031 032 045 046 046"
"‘I.‘hiz“imin (mg kg™ ). o 3‘.0'2' "3,"02 051 127 . 196

_Tngh moxsture barley  .‘,-'-' .

"tThlamm prermx w supply 2 mg t.hnamm as tlua.mm monomtrate per kg of dxet.
‘§Prov1ded t.he followmg per' kg of dry matter dlet. 120 mg zmc, 13 mg manganese, 250

" 'mg 1ron, 10 mg copper, 0 11 mg selemum, 5500 IU wtamm A, 550 IU vxtarnm D3, 25

RO | ‘IU vxtamm E, 13 mg nboﬂavm, 50 mg macm, 30 mg calcxum panbothenate 30 ug

. "‘._‘:'vxtamm B12, 550 mg chohne IRTREE e




| ‘Ta?l'é‘ IV-2 Formulation and chemical composition of diets in Phase 11 of growth trial,

tHigh inéturé barley. |

f‘ (f .
Diet no. S  2 ‘ , 4 |
'Treatrﬁént.:‘ St ‘Ensiled - “SOZ“ treated
e S o ' .
P Cot : HMB* 'HMB
R ) - o \ .

Mixing frequency L ' daily : ‘-':"'dgily‘ ‘

Ingredlents (% drx matter) ‘. y ‘ ’

" Barley 75.0 75.0

' 'Soybean meal - o '20.5. 205,
Soy anr}ne . . o | 21 9
Calcium phosphate . | 1.7 W
Calcium carb%natae ‘ L1 o ¥ U
Todized salt . 0.5 0.5
Vitaminérqi'neral premix} + - 1.2 12

. Chemical analysis (Dry matter basis’);, L | ~ 2 -c;
Dry matter (%) 73.0 ° 725

 Crude protein %) 18.2 18.6, .

. . © . o
Sulfur %) . . - ", o 0.21 0.49
Thlamm (mg kg~ ) . o ’ 2.65 0.21

£

N

$Provided the following p'er'l'é'g of dry matter diet: 65 mg zinc,“’l mg fnangéﬁese 90 mg,

Jiron, 6 mg coppei‘ 0.12

selemum 3000 IU vntamm A, 300 U vntamm D

14 1
Dy 14107

v1tamm E 7 mg nboﬂavm 27 mg miacin, 15 mg calcxum panmthenate 18 ug vnt.arrun

12, 300 mg cholme

‘G),’

ta



““Table IV-3 Ferment.at.lon products (dry matter basns) of a dxetT contammg SO2 treated

high mmstdre barley, after 18-d of, aeroblc swrage at 16 C T

" Item#‘ B . '”Preserved ‘ " | : Spoiled . Siépiﬁcance

| Ethanei (mg é‘”)‘ o C.0.027(0.009)8 J 287 (1.43) e \
Acetate (mgg ) B 6.49 (0.06). T 0777 (0.1.9)“ " NS

: ‘Lactate «(mg g ) A 403 (1) 4.24 (0.32) | NS
pH M 54009 '5.3(0.03) NS
Furfural (g g 1) L 0.38 (0.0‘9 ©0.63(0.11) NS \
Ammoma N (ug.g . .g3e3sed) ¢ 68.54 (278 NS
‘ADIN (%-of total N)T o 3,54 (0.08) L 581033 -

Moistyre (%) - ',"; ‘17 10 (0 20) ” ‘ 18.2)3 (0.03) Cas A

. f \- t "
ot ! ' 4
N PR [ .
. . N
o . ! . - \

TDlet 3 m se~I of growth t.nal whnch contamed SO treated hnbh moxsture barlev at a

a

‘47% dry matter inclusion level. PP K

r

i $Means of preserved and spoxled dnet are based on fOur observanons each.

‘§Values m parentheses represent standard er;or of mean.

Y -~

‘11ADIN “Acid dece’rgrent msoluble mtrogen o oo

-

4.‘P<005 "P<001 NSP>005 TN

-

[
rd
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Table TV-4 Effect of treatment on pig performance and thxamm status in Phase I of

i

o

{Percentage mcrease in actlvny of the /erythrocybe transkemlase enzyme due to the

growth mal ‘ . Ve
Diet no. 1 2 3 4 5
Treatmenr - o Dry Ensiled “.892 | . SO2 802\’\\"
. ' ; S Lreated treated - 'ireate:i
bacley HMB? HMB  HMB  HMB'
. ) ! + “
) | " thiamin
Mixing frequency 28 ﬁays daily 28 days . daily' ' daily SEM?% Sig
No. of pigs Y 9 8 9 9
Initial wt. ‘(k‘g) 10.2. 1048, . 10.3, ﬁz 10.6
Final wt. (kg) ° | 26.7 ,\,_26&5 26,0 289 265
Avg. daily ‘feedf(‘kg) . 0.92 0.91 ; 0.88  0.97 0.88  0.05 NS
Avg: daily gain (kg) .. 059 058 ' 056 063 0.57 2.0.03 NS
Reed/gain . . - 187 157 158 %520 155 0.04, NS |
Dietary thiamin'(mgkg™} ~ 3.02% 3.02% 0519  1.27° . 1/96®  0.09 '
pmys T ;s ,
TPP effect (%?;ﬂ o '?%D//' i.slsb, 1052 .031° 197P 130
THJgh monsture barley ‘_ . . ‘ ,"I
iStandard error of the mean. B // ‘ e
§Dry matter ‘ . f//

addition of thiamin’ pyrophosphate (TPP) Each v&lue represents the mean of three pngs

whxch were blood sampled at 0, 14 and 28 d.
//Not determmed .
* P<0.05, ** P<0.01, NS P>0. 05. i o v

a-dMeans in the same row th.h dxfferent let.ters are sngmﬁcantly dxfferem (P<0 05)

f\n_‘ .1 ' ' . \



P M
) Diet no. - ' 2 ' 4
Treatment ’ * Ensiled SO, treated
HMB?t ‘HMB :
af U T ' . No. of ~
9 ' : I , \
" Mixing frequency daily . daily pigs  SEM?} Sig
. Dietary thiamin (mg kg™ KDM)§ 2.66 -0zl d o 0.09 nen
TPPeffect (1, . ' 18 403 9 172 e
Cardiac hypertro;ifay R 0 .t 83 ‘ 6
(% lnéldence) ) ° : v "
Pork chop thiamin 1e‘v.el,\ 2,90 & 0.22 6 0w *tt
: mg 100"g"l fresh meat’! A .
K \THIgh moisture barley N e ‘ -
tStandard error of the mean. S / —_\—%-_ 7 S
§Dry mat.ter o ‘ ‘ : ) ' ) | ”
1]Percentage mcrease in act:vxty of the erythrocyte transketolase enzyme. dué m the
addition of t.hlamm pyrophosphaw (TPP).. 8 ‘ '
//Longlssnmua dorsl muscle . ' . '
Tt P<0.001 o c .

\ »

. \ ‘ . \
Table IV-5 Influence of feeding SO, treated high tftvisture barley on thiamin status of

. growing—ﬁnilshirllg pigs at day 75 of Phase 11 growth tri*l.

. \
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'\ V. GENERAL DlSCUSSION AND CONCLUSIONS.
In Experiment I, a 1% (wt/wt) SO appllcatxon rate did not ef'fectxvely preserve 69 tof
HMB (30 to 32% monsture) stored in a near anaeroblc upright bag However the treated .
gram was preserved successfully for 9 mo w1th small scale (700 kg) aerobnc storage.
Likewise in Expenment I, it was observed that a diet (19% moxsture) containing 802
treated HMB at 47% of the diet (DM basis), remamed well preserved for 18 d of 16°C",
aeroblc storage in 25 kg bags. . . ‘
‘ | 3 These threefglerage methods dlffered markedly in scale storage temperature, and
air permeablhty d‘f the storage contalnerl These dlfferences appear to be maJor factors
) al'fectmg the efﬁcacy of SO as a GP s B
Smce moxsture mxgratxon 18 more o[)a problem w1th large bins of grain (Muir
, 1973), HMB stored in the 69 t bms would’ be expected to be the most’ susceptnble to
B . 'mmsture migration. Indeed,/m'béxre rmgratnon was halted once the grain was
transferred from the 69 ' upright bag and stored in 700 kg unsealed contamers
'Mathxson et al ( 1985) also observ;d no spoxlage of HMB (22—25% moxsture), :reated
thh stmtlar levels of SOZ' when swred aerobxcally in 300 kg to 26 t lots. The failure of :
'SO to satlsfactorxly preserve HMB under large scale storage condltxons suggests a need :
l’or aeration df bins to preverﬂ' moxst.ure mxgratxon (Campbell‘ 197 2 Sauer 1972; Jones et
al 1974 Bothast et al 1975) 'As a guxdehne, Agnculture Canada (1983) recommends . .. .
aeratlon of bins holdmg more than 30 t of gram to prevent monsture mlgratlon o
For the 69 t upnght bag (Chapter II) a mean temperature of 35°C was
: measured at the bxa centre for the ﬁrst 30d of storage In contrast storage - ~ .
temperatures for the'700 kg (Chapter II) and 25 kg (Chapter IV) poruons of SO ‘treated
" HMB «aever exceided 20°C. ‘However the hlgher storage temperature of the 69t bulk -
i was due prunanly to“a 28°C gram temperature at harvest followed by a temperature
= nse normally assqcnated» with fermentatlve actmty These dlfferences in storage ,
e 3 .temperature betvgeen the 69 t vs. the 700 and 25*g‘portxons of treated gram would have" i ~“
| been lmportant m terms of predlsposltlon te mmsture mxgratton Addltlonally, the L '
o .‘:amiountmof molecular 802 bound mth components of the HMB such a8 tluamm andv S
A . .hgmn -would have d,;ffered between the dlfferent lots of gram because the amount of L
e ».bound 802 mcreases thh mcreasmg temperature (Ingram and Vas 1950 Hearne and e
- :Tapsﬁeld 1956' Sawyer and Crosby 1980) The extent of molecular 802 los,t through ; R




these binding reactlons would have been cnttcal smce bound 802 gwes little or no_
preservattve action (Green 1976). In this regard, Mathtson et al. (198b) reported that .
SO2 treated HMB could be held at room temperature for up to 2 wk after remow al from
storage w1thout. any vnslble signs of spotlage However they also observed that heating
occurred if a 19. 6% mmsture diet contatmng SO2 treated HMB at 91 4% of the diet (DM
'basis): was stored m excess of 3or 4d durmg hot summer temperatures Whtle SO
| absorptton by grain is enhanced with mcreasmg motsture levels (Eckoﬂ' and Okos 1983
| Lozeman et al. unpubllshed) so is binding, presumably because of hlgher levels of water '
. , acttvtty (A,,) (Hearne and Tapsﬁeld 1956; Eckoff and Okos 1983). R .
- . As the small scale storage units (700 kg boxes, 25 kg bags) were 'not sealed they
o | would have been consxderably more aerobic than thé sealed 69 t near anaeroblc upnght
- ,I - bag Consndermg that SO2 is readrly lost by oxtdatxon and volatrhzatton m aerobic’
storage (Hearne and Tapsﬁeld 1956 Green 1976), it 1s surpnsmg that the 700 and 25 kg
", lots of»treated gram remamed preserved for as long as 7 mo and 18 d, respecttvely This
time' penod difference for effective preservatxon is hkely explamed by the fact that the
rate of S 2 loss via oxrdatton and volatilization i is dependent on SOz-permeabrltty of the .
storage. contamer, as well as on product moisture and temperature (Sawyer and Crosby
1980 Eckol"{ and "Okos 1983). The successful preservatton achieved by Mathtson et al.
" (1985) wrth aerobxcally stored HMB (22 to 25% monsture) thh at least 0. 75% (wt./wt)
¢© - SOZ’ also suggests that the loss of molecular SO via oxtdatton orvvolauhzatton should
' not be a concern. .
The work ol" Lozeman et al (unpubhshed) thh 35802 treated HMB __(21%_
monsture) stored in sealed contamers at room temperature, mdtcated that the loss of

molecular 35SO;2 from bmdmg exceeded 1ts combmed losses v1a oxtdatlon and

‘ volatthzatxon The nqnsxgmﬁcant loss of total'S m SO treated HME between bin

> ‘ openmg and 7 mo thareafter m this study (Chapter II), mdlcated tha't the volattle loss of | b
o SO2 was neghgtble, but such quantlta:hve analys:s would not have detected molecular
802 lost from bmdmg and oxtdatxon Qua’htatwe analysts as per Eckoff and Okos (1983) ,
A ould have dxﬂ‘erentxated between total S fx"ee and bound SO2 in HMB thus revealmg
) l' the extent of molecular 802 lost yra bmdmg, oxtdatlon and volatthzatlon

On the basls of observattons made m bqth thls study and that of Mathxson et al

(1985), as weIl as those of Lozeman et al (unpublxshed), 1t would appear that the loss ‘of -

mia .-ra:v_.




By

molecular SO2 via. bmdlng is more of a determmant of 1ts ef'ﬁcacy as 4 GP than losses
s vna oxidation. and volattllzatnon Thus a mmunal amoint of aeratlon m the 69 t uprxght ‘
| bag. for purposes of low:enng gram temperature to- prevent apprecxable bmdmg and i L
monsture mngratnon likely would have enhanced the storage life of 802 treated HMB |
stored in the 69 t upnght. bag S ' ‘ N poo N
2 The sulfites, SO2 and its salts (NaHSOs, KHSO3, Na 8205, K 8205, Na SO3),

)ave a wnder antirhicrobial spectrum than that ol‘ proplonate (Tllbury 1980), while ¢

T e

\

propxomc acid (Sauer and Burroughs 1974) and NH3 are hxghly valued as fungicides.

Furthermore, Tllbury (1980) stated that as a food preservatnve the persxstence of « .

proplonate ina food is supermr to ‘that of the sulﬁtes presumably because of its, low N

chemlcal reactxvnty, or lack ol' bmdmg thh food componehts A further concern regardmg i 3

the. efﬁcacy of 802 as a GP is that moulds and yeasts can develop an 1mmumty to SO

* (Green 1976; Tnlbury 1980). The fact that lactate and NH3—N levels mcreased

(P<0 05), in well preserved SO treated HMB, with mcreasmg sto/rage time, in both the

700 and 25 kg portions .of gram are mdxcatlve:f a loss of antumcroblal efﬁcacy But,

 whether thxs occurred because of molecular 802 loss and/or the development of microbial

reslstance was not deterrmned . 1 |

1 The poor perslstence of molecular SO due to bmdmg, oxndatlon and volatlllzatlon

. as well as the nsk of mncrobes developlng resxstance to the chemical, casts doubts on 1ts
relidbility as a GP.. However SO2 may be effectnve in: (1) checkmg microbial growth
durmg ambxe" taJr drymg of’ graxn, as has been demonstrated by Eckoff ef al. (1979;

1983) and (2) m reducmg ensded losses of HMG (l e. anaerob!c storage) since this
(Chapter II) and prewous research (Knodt et al. 1952 Petrosyan 1967; Matlnson et aP
1979) demonstrated that 302 reduces the extent of fermenta‘t.lon SRS ‘

- The comparable performance and health status of dan'y cows (Chapter III) and o L
weanlmg pxgs (Chapter IV) fed dlets contmmng SO2 treated HMB vs those fed dxets o
based on dry or ensded HMB Was m general agreement wrth the results of other trxals L
conducted w:th" exther ensxled or orgamc acld treated HMB Mm 1973‘ Ingalls et’al.’ a
1974 Kennelly et al 1984‘ Cole et al 1970 Enghsh et al 1973 Cole et ‘1980)
However, there xs no other research reported on 'the feedmg value of SO2 preserved gram S
" for dau'y ’co\-w; or. SWine TWMObwmed j-.w th dau'y cows were conslstent thh those SR

reported by others m whlch SO2 tr' at sllage (Dufour et al 1954) or beet pulp thh o




‘A‘added NaZS O were fed to lactatmg daxry cows (Wengand et al 1972) also thh no.:
, detrlmental effect on performance or health. ‘
A number of charactenstxcs common to both the dairy and weanlmg plg trlals
- }-should be noted consndermg that the feeding of SO treated HMB had no adverse effect
| (P>0. 05) on animal performance Added S from SO ‘at 0 20 and-O 14% (DM basls) 'for \
| the danry and swine diets respectively were well below the maxnmum tolerable level of
0.35 to 0.40% as sulfate for rummants (NAS—NRC 1980' Kandyhs 1984), and the
adverse effect of 0 28% S from NaZSZO estabhshed by Tnl et. al. (1972b for swine, )
These trials were also slmllar m that diets contammg less than 50% SO greated HM_B N
(DM basls) ‘were fed for a maxnmum of, 6 wk. While the thxamm status (as measured by
% TPP effect). of vveanling pligs fed diet three (whic"h was rendered thiamin "d,eﬁcient ' .
through the destruction of thiamin by SOZ‘) was negatively inﬂuenced (P<0 01) there
was no mdxcatlon that cows or pigs fed 802 treated HMB developed an acute’ thxamm “. "'
.deﬁc1ency o -' { , ’ l’ ' ‘ \
. Feeding of SO treated HMB to feedlot cattle (Chapter III) and growmg—ﬁmshmg
pngs (Chapter IV) sngmﬁcantly redlkced performance A number of factors were common
v to both of these tnals Added S from SOZ’ at 0.30 and 0. 28% for beef and swme dlets
. respectwely, approached the maximuimi tplerable level of sulfate S f‘or rummants
(NAS—NRC 1980 Kandylls 1984), and in- the gwnne dxets equaled the level of 0 28% at
":whxch adverse- effects on performance were reported by Tll et al. (1972b). In both tnals
dnels contalmng at yast 75% 802 treated HMB (DM basns) were fed for at least 75 d
‘ Addmonallyh animals fed dxets contammg SO treated HMB were severely thnamm ‘
“depleted on the basxs of (1) a 12 5% mcxdence of pohoencephalomalacla observeé for p
.steers, and (2) % TFP effect cardlac hypertrophy and the low pork chop thlamm levels .
| ,measured for pxgs AUG bf growmg—ﬁmshmg plgs fed dlets contammg 802 treated HMB ' ,
R was reduced in proportlon to ;hexr reduced DMI both parameters measured about 10% ‘
' below those measured for plgs fed the HMB cantr)ol There was no apparent treatment

o mﬂuence on feed ga,m ratao Despnte the shmlantles between the feedlot cattle and

e omng—ﬁmshmg Plg tl‘laIS, the prxmary factor responsxble for both the reduced o
& perfor ance and health of steers fed 802 treated HMB was probably the feedmg ol‘




.‘ } : . S \ . L ' " f
feedlot. cattle had no adverse effects 'was the feedmg of spoxled 802 treated'HMB

To be consndered as a GP one cntenon that 802 would have to meet is t.hat xt

“.r. v

have enther np orﬂery lmmmal toxxcologxcal effect (Mnchell 1972) The feedmg of SO or ‘

s

‘3P ltcbp 1955 cnted by Mathnson et al 1979), uneven s '-*"7"’; i S x
vchemlcal apphcatnon (Baa%.et al. 1956), of sponlage (Chapter IID has had no readrly i :1_",‘§
‘ apparent phyanologlcal or téncologlcal effect (Knodt et al. 1952 Luedke et al 1959 ‘
‘Wexgand et al 1972 Mathxspn et al 1979 1984; 1985) Luedke et al. (1959) concluded h
. " that high doses of S from SO or Na2 205 would produce anorexna and because of thxs “
an acute wxxcxty would be unhkely lt does appear that a toxxcologmcal level of SO ‘ -j“ .
treated HMB was reached in the’ gromngv_iﬁmshing p1g diets (Chapter IV ) smce o |
R ‘vhyperemla and petechxal hemcerrhaging of duodenal gastrnc muco’sa were observed Tll et
o al. (1972b) made the same observat;?na yvvhen Na2820 was fed to pxgs at 0. 28% of the : o
' ‘ dlet The irritant: effect of hxgh dxetary S on’ the\dngestlve tract m bot.h pxgs and cattle ‘
would hkely be caused by its conversxon to hydrogen sulﬁde by gast.romtestmal ﬂora o
l(NAS—NRC 198’0) \Of further concem,&ls th t the elevated dxetary S level caused by v‘ . | . |
T ‘feedmg SO2 treated HMB could overload the unnary excretnon ’system (Keener et al S .
: 1953; NAS—N'RC 1978) ‘The feedmg oft a l)uffer such as in Experxment II (Chapter III)
- may helpi m thls-regard Addmonally, 't.he hngh S level could mterfere with the ' i ', e ,
T ‘metabolism of. Se Cu and Mo Metabohc mterference wnth Se would be of concem for , ‘ ,

) "f}’,j-'vfboth catt.le and plgs fed }ngh s dlets (Whanger 1970 NAS—NRC 1980) Data of L

A3 rng}sured by blood Se levels Metabohc Cu -‘ .'h |

o i:'_‘imd Mo mterference would only be of concern in rummants fed chets contammg SO2




,l’-‘ | o v , . . . . S
. ’ " . ‘. o R ) “ - "‘

mxlk from cowgl-‘fed SO treated HMB. In feedmg beet pulp contammg Na2820 to
lactatmg\%:otvs Welgand et al (1972) reported no sngmﬁcant. mcrease in‘milk sulfide
levém@ve would not expect sulﬁte resndue in meat from cattle or plgs fed t.he SO2

e:
&reatments beéause of sulﬁte oxldase (E@ 1.8 3 1). Thns enzyme, m mammallan tissue,

‘oxldxzes sulﬁde, metablsulﬁte and sulfite to sulfate 50 that Sin excess of metabohc needs

","-‘vil; .‘,(' ‘ » _“u ‘ . ‘ ]

is excreted as free or est/enﬁed sulfabe (S:egel 1975 Gray 1980) Con

- ‘ Relatmg 802 to propnomc acid and /bo NH3. chemical cbsts (F. 0 B. Edmonwn) a
o, are-approx;ru$0 198, $‘l 90 and $0. 53 kg respectwely Safe swrage of 30%

‘ %onstuge b,

%Ltd ,,;Qelanese Canada as, cxted by Jones et. ‘al: 1974) and about 1 0% for SO and A

r 6 mo woﬁld requlre (wt/wt) _appltcat,nons of 1 25% proplomc amd (BP

. \esultmg, n chemlcal cost,s~of $0 52 $0 21 and $0 12 bushel respecmvely As 2

)
companson cuhwm gram drymg in Albert.a was recently reported to range from $0 13 to

w80 a4 bushel (Alberta’ Agncult.ure 1986) Whnle this - compahson shows favourable ,
R ia
L econbn{c‘ mcennve for contmued mvesmganon of SO2 as a GP a number of factors

- S
<
v

T } mtrodtfce uncert,amty for further assessment It,s chemlcal reacuvxty with food

9
co txtuen;s, mﬂuenced by factors whnch:mclude temperature monsture and oxygen S

- \ % : ‘
there "§ the risk. of flmgl developmg res:stance to the preservanve ' '

' “: The hxghly react.xve nature oF SO thh food components whlch mclude

A

! ‘ e
%02 6n gram t.hlamxn level 1s strengthehed also when one . j‘

l v

{ l‘se .effect .-of :



- .

- 1986). This s:t.uatlon coupled wnh the fact that SO is Ajso corrosive to most meta]‘s

S

'(C—l—L 1984 Mat.hxson et al. 1985), and'its fumes more obnoxxous than those of propnomc
acnd (C—I—L 1984* Woolford 1984), would also mmgaw agamst xts wxdespread use by

' A
¢ ar‘mers.‘

On the basis of this research we c‘annot recomména ﬁh"e use of SO as a GP, ‘por
the feedmg of SO treated HMB to livestock, T he present concegn as to the safety of
sulfites as food preservauves bot.h in terms of the mxxcologlcal consequence ‘of some of
the reaction products which occur and the risk to sulﬁbé~sensnmve mdxv;duals (Food and

Drug Admxmstratxon l986), leads to the conclusnon that future researdh in examining t,he

L
. »

potential of 802 as a GP is not adylsable.

L ‘. ' ‘ %t
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