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Introduction

The ability of swine to utilize high fiber feeds has been estab-
lished early in the 1900's and more recently reviewed by Rérat (1978),
High fiber forages such as alfalfa are a good source of vitamins and
minerals and have amino acid profiles similar to soybean meal. Cheeke
(1977) reported that alfalfa produces more protein per acre than any
other cormmon feedstuff.

Nebrasks researchers have suggested that high fiber forages may be
economically feasible for gestating swine diets (Danielson, 1970, 1974).
It has been shown that sun-cured alfalfa fed daily, bi-weekly, or self-
fed (Moser, 1973) has no adverse effects on reproductive performance.
Dehydrated alfalfa as 25% of the diet (Danielson et al, 197°) and 96.7 %
of the diet self-rfed (Allee, 1977) alsoc have been studied. Teague (1955)
has suggested that diets with added alfalfa furnished factors which
tended to influence ovulation rate and post-natal survival of the liiter
faveorably. These data indicate that alfalfa can be utilized success-
fully and may bYe economically competitive with concentrate diets for
gestating swine.

In past studies, the amount of alfalfa in the diet has been the
main research emphasis and very little research has been done on par-
ticle size or physical form. This study was conducted to determine

effect of particle size and physical form of sun-cured alfalfa

for gestating sows.



Review of the Literature

Feed Processing

Feed represents 65 to 80% of the total cost of production in the
swine industry. Since maintaining the breeding herd is about 25% of
the feed cost, any technlques used to lower the cost of the breeding
herd without adversely affecting reproductive performance is of econo-
mic interest.

Grinding is one of the oldest methods of feed processing. Several
advantages of grinding ére: a) increased surface area making the
feed ingredient more digestible, b) aids in ease of handling, ¢) mix-
ing of other iroredieﬁts is expedited, and d) pelleting is more effi-
cient with finely ground feed.

Crampton and Bell (1946) reported that 23 kg pigs attained signi~-
ficantly better gains as fineness of grind increased with an 85% oat
diet. They also noted that the various degrees of fineness did not
affect the digestibility of dry matter for older pigs. In agreement
with the previous study, Lawrence (1970) compared whole barley with

barley rolled, crimped or ground at three finesses. Using 20 to
30 kg barrows, Lawrence reported that all five processes produced better
results than the whole barley treatment. As particle size decreased, the
retention time in the gastrointestinal (GI) tract increased resulting in
the highest digestibilities for crude fiber and ether extract. Also,
rolled barley generally produced higher digestitilities comparable to
the more finely ground barley but retention time in the GI tract was sig-
nificantly less. This indicates that physical form of a feed may also
influence digestibility.
Owsley et al. (1981) studied the effect of fineness of grind on

digestibility using a sorghum-casein diet fed growing~-finishing pigs.
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The three treatments prepared consisted of dry rolled sorghum, sorghum
ground with a 6.4 mm screen. and sorghum grcﬁnd with a 3.2 mm screen.
The modulus of fineness for each treatment was reported as 3.57, 2.85.
and 2.36, respectively. Apparént ileal digestibility of dry matter,
starch, gross energy., and nitrogen significantly increased with each
reduction in particle size. Also, a significant improvement in total
tract digestibility was observed for the 3.2 mm ground treatment as
compared to the other two treatments. Although the ileal starch di-
gestibility for the 6.4 mm ground itreatment was greater (P<.05) than
the dry rolled treatment, the total tract starch digestibilities were
not significantly different. These results show that the lower GI tract
plays an important role in starch digestion via microbial fermentation
as starch escapes the upper GI tract.

Starch digestion in the large intestine is attributed to the
intestinal microflora resulting in the production of volatile fatty
acids (VFA) which the pig can efficiently absorb (Argenzio and South-
worth, 1975; Farrell and Johnson, 1972). Contributions of VFA to the
enerzy pool of swine have been reported from 5 to 28% of the digestible
energy intake (Farrell and Johnson, 1972; Friend et al., 1954) depending
on the amount of carbohydrate reaching the lower GI tract. Kass et al.
(19800). reported VFA absorbed from the GI tract provided 4.8, 11.%4, 14,0,
and 12.0 % of the energy required for maintenance in 89 kg pigs fed O,
10, 40 or A0% alfalfa meal respectively. These data indicate that large
quantities of VFA are produced in the lower GI tract and pigs can absorb

them {Imoto and Namioka, 1978).

Palleting is ancther important fsed processing technique. It is
defined as 'zgglomerated" feeds Iformed by extruding, compacting, and

forcing the feed through die openings by any mechanical process.
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The purpose of pelleting.is to take finely divided, dusty, unpalatable,
difficult to handle feed material and by applyiﬁg heat, moisture, and
pressure to form larger particles (Pfost, 1975).

The reported results have varied concerning the value of pelleted
feeds. Most of the variation can be explained by the processing method-
ology. Pressure and heat cannot ve precisely controlled but markedly
affect the nature of the pellet. Moisture, composition, and texture of
the diet influence pressure and heat during the pelleting process.

Pelleting has been shown to affect the crude fiber of a feed.

When beneficial effects due to pelleting are reported, the crude fiber
content of the pelleted feed was less than that of the meal (Larsen and’
Oldfield, 1960; Lindahl and Reynolds, 1959). Conversely, when no bene-
ficial effect is reported for a pelleted feed, i.e., corn, the crude
fiber content of the meal was equal to that of the pellet (Larsen and
0ldfield, 1960).

Diet ingredients also affect the ubilization of pelleted feeds.
Becker (1965) showad that all diets in the absence of wheat bran were
utilized more efficiently in pelleted form. Thomas and Flower {1655)
using a barley/wheat diet produced similar Tesults when comparing
pelleted and non-pelleted diets. Results indicate that pelleted rations
increased daily gains for growing-finishing pigs and reduced the amounts
of feed required te reach market weight. The authors also reported that
pigs fed pellets wasted less feed and required less time at the feeder
to satisfy their appetites. Jensen and Becker (1954) and Dinusson et al.
(1956) reported improved daily gains attributed to pelleting.

Seerley =t 21. (1962b) conducted rate of passage studies that indi-
cated pellets had lower retention time in the GI tract compared to meal-

form. Larsen and 0ldfield (1960) found that crude fiber was lower in
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pelleted barley and reground pellets than in the original barley meal.
This indicated that changes in the pelleted feed are largely physical
rather than chemical. 1In a similar study usiné corn diets, pelleting
produced no improvements in performance. Tribble et al. (1973) reported
similar results when grain sorghum-soybean meal diets were fed to
finishing swine. No significant differences were found in gains; how-
ever, pigs fed the pelleted diets required %% less feed per unit of gain

than those fed meal diests.

Fiber Analvyses

Dietary fiber is nutritionally defined as the inscluble organic
matter that is resistant to animal enzymes (Van Soest, 1966). Conse-
quently, the term '"fiber'" should denote an entity which is closely asso-
ciated with indigestibility. These residues are composed primarily of
cell walls which consist of lignin, cellulose and hemicellulose. Neutral
detergent fiber (NDF) represents an estimate of the cell wall components
of feedstuffs. The counterpart to the cell wall fraction is the cell
soluble fraction which has been reported as 98% available tc the animal
(Van Sosst, 1967). Acid detergent fiber (ADF) represents the sum of
cellulose and lignin (Colburn and Evans, 1965). Thus, the difference of
ATF and NDF percentages yields an estimate of hemicellulose.

The crude fiber fraction of the proximate analysis has been used in
the past to estimate dietary fiber. However, there have been discrepan-
cies in the method which have affected the calculation of the nitrogen-
free extract (NFE) of the proximate analysis. Forbes and Eamilton (1952)
have shown underestimations of fiber by the crude fiber method and have
recommended the use of cellulose and lignin analyses for {iber estima-

tions.
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One of the major criticisms of the crude fiber wvalue and its effect
on NFE is that neither quantity represents discrete chemical entities.
In theory, the crude fiber fraction includes the sum total of indigestible
nutrients. NFE is the fréctioa of the proximate analysis that is esti-
mated by the difference of 100% and the sun total percentages of crude
protein, ash, ether extract, and crude fiber. Thus, an overestimation
of NFE is caused by the underestimation of crude fiber. The ACAC has
recommended the NFE.estimation be discéntinued since 1940.

Another discrepancy of the crude fiber analysis is caused by specie
differences in plants. Indigestible lignin and digesfible hemicellulose
are partially extracted with the crude fiber analysis and thereby pro-
duce lower crude fiber wvalues. The extent of these losses is plant
species dependent because the lignin of grasses is more alkali-soluble
‘than that of alfalfa (Van Soest, 1964). Thus, the lower lignin content
of grasses is consistent with a higher fiver digestibility relative to
alfalfa.

Van Soest (1966) suggested the detergent fiber methods distinzuish
less available fractions of feedstuffs which allow classification accord-
ing to mode of availability rather than specific chemical entities. The
detergent fractionation as determined by Goering and Van Soest (1970)
appears in table 1.

Alfalfa in Swine Diets

Alfalfa has been used in swine diets for many years and for a
variety of reasons. It has been used as a diluent (Crampton et al.,
1954), as a source of vitamins and minerals (Teague and Grifo, 1965), as
a source of unknown factors favorable for reproduction (Teague, 1955)
and for controlling intake of self-fed sows (Allee, 1977). Only recently

has alfalfa been seriously considered as a major feed component of the
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swine diet: Previously, it was assumed that swine could digest only
small amounts of fiber. Contrary to this belief, many researchers have
found that swine, especially sows, can digest high fiber‘diets for ex-
ténded periods of without detrimental effects (Pollmann et al., 1981).
Bohman et al. (1953) compared diets which ;ontained 10, 30, and
50 percent alfalfa in two trials involving growing-finishing swine.
Pelleted and meal rationms of 50% alfalfa were also compared. The
authors reported significantly decreased rates of gain as percentage of
alfalfa increased in the diet. Gains of .78, .73, and .59 kg per day
were reported for 10, 30, and 50 % alfalfa, respectively. The pelleted
50 % alfalfa diet produced significantly increased gains as compared to
the same diet fed as a meal. Less feed was required per unit of gain
and reduction in intake was observed for the pellet-fed group compared
to those consuming the same diet fed in a meal-form. Pigs fed 30 and
50 % alfalfa had a markedly enlarged stomach and intestine, suggesting
that swine adjust to high levels of fiber to accommodate greater utili-
zation. Bohman et al. (1955) and more recently USDA researchers (Pekas
and Pond, 1981) have reported similar findings. Additionally, it was
reported that rate of gain was inversely proportional to the crude fiber
content of the diet.

Kass et al. (1980) investigated the utilization of alfalfa in dif=
ferent segments of the GI tract. Sixty-four 17 kg barrows were fed O,
20, 40, and 60 % alfalfa meal to 48 or 89 kg finishing weights and
sacrificed at 2, 4, 8, and 12 h after the last feeding. No significant
differences were found between the 0 and 20 % alfalfa diets on daily
gain and feed efficiency. Conversely, the 40 and 60 % alfalfa diets
produced decreased gain and feed efficiency compared to the O and 20 %

alfalfa diets. All segments of the empty GI tract increased in weight
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as the percentage of alfalfa increased in the diet. ' Dry matter, cell-
ulose, hemicellulose, and nitrogen digestibilities decreased with in=-
cremsed percentage of alfalfa. These decreases were associated with
an increased rate of passage as amount of fiber increased in the diet.
It was concluded that the rate of passage induced the poor digestibi-
lity of fiber and no significant adaptation to high fiber diets were
observed which is in agreement with Cunningham et al. (1962). |

Danielson and Noonan (1975) investigated high roughage diets fed
to gestating swine. They compared pelleted gestation diets containing
25, 33, 66, and 96.75 % alfalfa hay, 66 % prairie hay and 25 % dehydra-
ted alfalfa. In three trials, gilts consuming diets with the highest
rercentage of alfalfa gave the highest farrowing rate. Sows on the
highest level of alfalfa had heavier litter weaning weights. In a sub-
sequent study using the 96.75 % alfalfa diet through three successive
gestations, the beneficial effects of alfalfa were continuous with each
gestation period. Conclusively, these results indicate possible attri-
butes of feeding high levels of alfalfa to gestating swine.

Pollmann et al. {1979) fed pelleted high fiber diets (97 % sun-
cured alfalfa or 66 % wheatgrass) to gestating sows and reported in-
creased nutrient utilization after an 80 day adaptation period compared
to digestibilities in the first trimester. Decreased digestibilities
of fiber, energy and nitrogen were. reported for the high fiber diets
as compared to a conventional corn-soybean meal diet.

Fiber Utilization

Forbes and Hamilton (1952) fed 57 kg barrows wheat straw, woodflock,
alfalfa meal and cat hulls as {iber sources. Basal diet starch was re-
placed with the respective fiber sources at levels to yield diets of

equivalent cellulose value. The authors reported that different fider
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sources produced different fiber digestiblity values. Alfalfa meal had
the highest value with woodflock, wheat straw, and oat hulls following
in decreasing order. Differences in digestibility were attributed to
extent of lignification in the different fiber sources. Forbes and
Hamilton also emphasized fiber underestimation by the crude fiber meth-
od and discussed advantages of substituting cellulose and lignin deter-
minations for crude fiber. Cellulose plus lignin values exceeded crude
fiber estimates in most cases. Degree of lignification correlated best
with animal utilization. Thus, the combination of cellulose and lignin
appears to be the better estimate of dietary fiber.

Cunningham et al. (1962) studied the effects of body weight , age,
feed intake and adaptability on cellulose digestion by 68 kz pigs. Ap-
parent digestibility of crude fiber and crude protein increased as feed
intake was reduced to maintenance levels. Changes in body weight and
level of feeding affected digestibility more than age. Digestibility
of added cellulose (solka-flock) was not significantly different for
plgs which had been fed solka-flock for 15 weeks as comparsd to those
fed the treatment for one week. These resuits are in agreement with re-
sults regported by Kass et al. (1980a). The addition of solka-flock also
increased fecal nitrogen. This increase accounted for the depressed
digestibility of crude protein often associated with high levels of fi-
ber in the diet. Concomitantly, the incrzased fecal nitrogen was thought
to be of metabolic origin (Whiting and Eezeaﬁ. 1957,b) or fiber bound
protein (Lloyd and Cramopton, 1955).

Farrell (1973) using 50-50 kg female pigs fed alkali treated straw
at 25 % of the diet and revorted additional nitrogen in the feces which
depressed nitrogen digestibility. Farrell attributed the sxcess nitrc-

gen to bacterial synthesis in the cecum and proximal colen. Using
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calculations of Hogan and Weston (1971), the author concluded that the
digestion of cellulose in pigs could add 10.4 g of microbial nitrogen
to the feces.

Kennelly and Aherne (1980) fed 67 kg barrows and gilts four diets
containing differing amounts of crude fiber, energy, and protein. Oat
hulls were used to replace part of the control diet (diet 1), isonitro-
genously (diet 2), by simple dilution (diet 3) and isonitrogenously-iso-.
energetically (dietl4) to produce diets with the following composition..
Diet 1 contained 4.1 % crude fibver (CT)}, 17.1 % crude protein {CP) and
14.1 MJ digestibile energy (DE). Diets 2, 3, and 4 contained 9.8, 9.6,
and 10.2 % CF, 17.0, t4.4 and 17.3 % CP and 12.2, 12.5 and 14.8 MJ DE,
respectively. The authors repcrted depressed dry matter and energy
digestibilities with added oat hulls. The method of addition signifi-
cantly influenced dry matter digestibility. Apparent nitrogen digesti-
bility was unaffected by the level of CF in the diet. Differences in
amino acid digestibilities were zlso cbserved. It appeared that these
differences were related to the quality and gquantity of nitrogen and
energy levels rather than the level of CF in the diets. COne must note
that amino acid content of the feces can be distorted by additional aminmo
acids originating from microbial activity in the lower GI tract.

Keys and Debarthe (1974) using_85 kg pigs fitted with duodenal and
ileal cannulas investigated sites of dry matter and fiber utilization.
Cell wall, cellulose and hemicellulose digestibilities were estimated
for alfalfa, grain sorghum, Texas Kleingrass and Costal Bermuda grass.
They concluded that approximately 100 % of the cellulose and 80 % of the
hemicellulose digestion occurred in the large intestine of swine.

Keys et al. (1972) studied the effect of increasing dietary fiber

(1ignin, cellulcse,and hemicellulose) level on digestibility of dry



12
matter, crude protein and fiber by swine and rats. Increased dietary
fiber decreased the digestibility of dry matter and crude protein.
They alsc reported that hemicellﬁlose was more readily digested than.

cellulose.
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MATERIALS and METHODS

Experimental Procedures

Sixteen gravid créssbred sows (second parity) were used in a diges-
tion trial to determine the influence of particle size and physical form
of sun~-cured alfalfa. Treatments were prepared using baled alfalfa hay
ground through a Bearcat1 grinder with a i2.5 mm screen. Half of the
hay was rechopped using a 6.25 mm screen, resultinglin two particle sizes.
A portion of each particle size was pelleted using a California Pellet
Mill Master Mcdelz pelleter with a 9.5 mm die. The hay was conditioned
with steam to 75 C prior to pelleting and cooled across a horizontal
pellet cooler with ambient air. The pellets were scalped across a 6.25
mm screen to recover fines and packed into 23 kg bags. The alfalfa treat-
rnents were designated as 5.25 mm meal, 6.25 mm meal pelleted, 12.5 mm
meal, and 12.5 mm meal pelleted. Fifty percent alfalfa was added to a
sorghum grain-soybean meal supplement. The diets were fed to supply
5000 kcal metabolizable energy (ME) per day (2 ks). Alfalfa was assumed
to be 60 % digestible for diet formulation. The ingredient and chemical
compositions are repraesented in tables 2 and 3 respectively.

The sows were weighed, bred, and intrcduced to the treatments on
day zero of the trial. Sows were reweighed prior to each collection.
Treatments were hand fed once a day throughout gestation. TFive day total
collections were initiated at 25 and 80 days postcoitum.

Three days prior to the collection period, the sows were moved into
metabolism crates. The crates were housed in a room equipped with arti-

ficial light and temperatures ranged from 25 to 28 C. Crates were

1Western Land Roller Co., Hastings, NB.

& 5 ; - .
California Pellet Mill Co., San Fransisco, CA.
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equipped nipple waterers which were turned on during the day and off at
night. Bardex Foley catheters (size 20, 5 cc, plug type) were inserted
one day prior to the collection period which facilitated separation of
urine and feces {(Pollimann et al., 1977).

Urine was collected into 19 liter plastid'receptacles to which 100
ml hydrochloric acid had been added. Total urine output was weighed and
recorded daily with a 10 % aliquot taken as the urine was continuously
mixed. The aliquots were composited for the five days and refrigerated.
The composites were strained through glass wool and subsamples were ana-
lyzed for total nitrogen.

Ferric oxide (S50 g) was added to the feed to mark the beginning ang
end of each collection-period. Total fecal collections commenced at
the first sign of ferric oxide in the feces. -Feces were collected twice
daily, placed in plastic bags, and were frozen. At the end of each col-
lection period, the feces for each sow were thawed and mixed thoroughly.
A 10 % subsample was saved and dried at 50 C in a forced air oven for 48
h, ground through a ’.'Jiley4 mill (1 mm screen), mixed, and submitted to
the labvoratory for analysis.

A 2 x 2 factorial arrangement of treatments was employed with twe main
effects (particle size and physical form). Least square analysis of var-
iance was used to analyze tha data in a split-plot design. Partial cor-
relation coefficients between independent variables were calculated as

outlined by Helwig and Council (1979).

3C.‘R. Bard, INC., Murray Hill, HJ.

4Thomas~ﬁiley Laboratory Mills, Philadelphia, PA.
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Criteria of Response

Criteria of response for this study were dry matter digestibility,
energy digestibility, nitrogen retention, and fiber utilization. Analy~
ses considered included proximate analysis (AOAC, 1980), detergent fiber
determinations (Goering and Van Soest, 1970), and gross energy (Oxygen
bomb calorimetry).

Proximate analysis (S-step) included dry matter (DM), ether exiract
(EE), crude fiber (CF), ash, and nitrogen (N). Detergent fiber analyses
consisted of neutral detergent fiber (NDF), acid detergent fiber (ADF),
lignin (Lig), and cellulose (Cell). Hemicellulose was calculated as the
difference of percentage NDF and ADF. Lignin was analyzed by the potas-
sium permanganate method. Acid detergent insoluble nitrogen (ADN) was
used to estimate effects of non-enzymatic browning exhibited by feeds
which have been over heated. Hot water insoluble nitrogen (HWIN) was
used to estimate true protein associated with forages. Calcium and phos-

thorous analyses were conducted to insure proper diet formulation.
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Results and Discussion
Utilization of alfalfa is shown in tables &4, 5 and 6. Since no
significant particle size x physical form interactions were observed,
the main effects will be discussed.

Particle Size

An estimate of particle size (Waldo et al., 1971; Pfost,1976)was
conducted using a ROﬂTap5 testing sieve shaker equipped with screens
sized from 5.6 mm to 2.2 pn openings. Residual amcunts remaining on
each sieve are shown in appendix table 4. Particle size distribution is
typically skewed but is accurately described as a log normal distribu-
tion (figure 1). This measurement is even more distorted by elongated
particles such as those of ground alfalfa. Geometric mean particle size
(dgw) was estimated as 434 pm and 646 pm  with geomstric standard errors
(sgw) of 2.9 and 2.5 for 6.25 mm and 12.5 mm treatments, respectively.

The effects of particle size of alfalfa are reflected in figure 2.
Significant increases in digestibility were observed for DM, DE, and the
fiber components with decreased particle size. Digestibility for 12.5 mm
and 6.25 mm treatments were DM, 70.6 vs 73.5 %, DE, 68.3 vs 73.0 %, CF,
32.2 vs %8.0 %, ADF, 36.5 vs 43.3 %, NDF, 49.3 vs 53.2 % and cellulose,
22.2 vs 47.4 %, respectively. Dry matter digestibility was correlated
(r2=.92) with DE. - Crude fiber digestion was found to correlate highly
with cellulose and NDF digestion, r2=.?8 arid 7o .54, respectively.

Lignin and hemicellulose digestibilities were unchanged with particle

size as was nitrogen utilization.

These results are in agreement with Crampton and 3ell (1945) and

Lawrence (1970} who reported higher digestibilities associated with

5Tyler Industrial Products Co., Cleveland, Ohio.



19

"(L00® > d) SOUBIDIITP POTIS,
(10" » d) 9ouLISIITP 9ZIS STITIIR],

260¢ 2ees 062% 444 ¢

9082 aLle 20L% L662 L p,mmmx\ﬁmoxu £3asug e1qT3eesIq
2 14 L 4l 94/, G 9L ¢

S 49 ¢-¢9 bl W2 4599 L o b op) A3asuy 21qT18991Q
6796 2 €9 LG H €9 ¢

696 0" 0% L°29 ©°¢9 L (%) 3oeIVxy IUYH
124 G 4 094 G 9o/ ¢

8789 1749 w2l 9°69 L qee(® Te13EN Lig
19T19d 189 3oLL18d  L¥9n  Waog Teotshuyg  JI9385utay], Wa3T

um gL WiGZ g o215 eloiadeg

-£3119tq138931q LBasuyg puw ‘joea3xy

Jouly ‘ae33jel AIg uo BITRITY JO wIog TROTEAUJ pue 9215 9TOTIIBd JO 3095J% 4 9TA®L



20

"(GO"y g potasd x sTIo,

*(G-rg) potaad x Eho_an
.m_..\_D.vn.O 20U3IBJITIP E.Ho_;.m”.
(GO yg) 9OUBIIITID Bataeg,
T(LO0Y> @ POURIDNIFTP POTIS],
*(G0*>d) @oULaajylp 9IS UL LRI
“(LO"Y g) 20ULISIJIP 0TS o.muﬂhm&m
G Al G 64 0°Lg G ¢Q ¢
Q49 ¢°69 0769 044 L oomOHsHHQCHEo:
0" HhS& G 96 G 29 #7¢9 ¢
2°Gh G Ly G oh Q% L .m.;,u,n&az
9°24 et eld 2°¢s ¢
H6¢ 4708 Q iy 2t L (... 2801nTT2)
Jtote
64l 606 9° 6% 2 LG ¢
LLs 062 #°2¢ 0°¢¢ L @:«amﬂq
6% QG G 64 6°65 ¢
0°¢% 0°Qe 0°9¢ & LE L M.o,phmd
44 el 6°05 608 ¢
6°¢2c 0 6L 0*2¢ 40z L ﬁ,o,pamnH; apnay
1STTI=d TE?] H&H.ﬁmm Tean E.HO__H H,mo._.”m.hﬂmnm J91S2UTA], EmpH
wug 2z, UGz * g 9ZTg 9TOT3JIe]

*SaT3TITaT]sa81g jusucduoh

I2qT] uo BFTEFTY JO wroj TeoTekyj pue 9z1g oTOTIdB] JO 309177 "G oTq®y





























































































