6.22 on the DRB, BB and HMH treatments, respectively,

Although the steers in trial 2 were fed for only B8 days (due to a
shortage of feed) there appeared to be faster gains and greater intakes on
the high moisture barley rations.

Formaldehyde Treatment of Full-Fat Soy
Flour to Protect the PUFA from
Rumen Microbial Hydrogenation

B. A. Ackerson, R. R. Johnson
R. L. Henrickson and F. N. Owens

Story in Brief

Ground soy flour (GSF) was treated with formaldehyde (HCHO) for
in vitre, tissue and organoleptic studies to determine if the polyunsatu-
rated fatty acids (PUFA) of young, growing lamb's fat tissues can be in-
creased. Excellent protection of linoleic acid, the major PUFA in GSF,
from rumen microbial hydrogenation was obtained in witro when the soy
[our was treated with HCHO in small quantities (100 pm) and in large
quantities (20 1b).

Rump, shoulder, omental and kidney knob fat from lambs fed the
HCHO treated GSF supplement had (P<.05) more linoleic acid than
lambs fed the untreated GSF supplement. There was no difference in
linoleic acid content of loin fat between lambs fed the HCHO treated
GSI ration and those fed the untreated GSF ration. Lambs fed the GSF
rvations had (P<.05) more linoleic acid in their loin fat than lambs fed
SBM. There were no differences (P>=.05) in daily feed consumption,
leed (kg gain or average daily gain among any of the rations, No (P>.05)
difference in meat flavor could be detected by a taste panel among any

of the treatments, In sum, acceptable polyunsaturated meat from Iambs
Wilk |'.Il'fldl'|{:l'_"l'.1.

Introduction

Recently workers in Australia and in the U.5. have produced rumi-
nant meat and milk products high in polyunsaturated fatty acids (PUFA)
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by encapsulating polyunsaturated vegetable oils such as safflower or corn
or soybean oil with a protein coat and then spraying this complex with
formaldehyde (HCHO), This treated complex is resistant to microbial
hydrogenation under the neutral conditions of the rumen, but upon
entering the acid conditions of the abomasum, the complex is broken
down releasing the PUFA for absorption. These unsaturated Ffats are
alsorbed from the small intestine and incorporated into the fat tissues,

Since soybeans have a natunral protein-oil complex, it seemed con-
ceivable that similar results might be achieved by soaking ground, whole
soybeans (GSB) in HCHO. A previous trial was conducted in which
HCHO treated and untreated GSB were fed as the supplemental pro-
tein source to young, growing lambs and no significant difference was
observed in adipose tissue linoleic acid content between the two treat-
ments, Those results may have been due to improper mixing or inade-
quate penetration of HCHO due to too large of a particle size. There-
fore, this trial was conducted on ground, full-fat soy [lour [(GSF) which
has a much smaller particle size. The purpose of this study was to de-
termine by in vitro and animal tissue, growth and taste panel evaluation
il the feeding of HCHO protected GSF to young lambs will result in
increased levels of unsaturated fat in lamb [at tissue.

Methods

In Vitro Fermentations,

Approximately 100 gm samples of ground soy flour (GSIY) were
treated with 10.2 ml of 37 percent formaldehyde (HCHO) per 100 gm
GSF along with sufficient water to cover the sample for either 2 or 6
hours. The excess water was poured off and the GSF was dried in a
forced draft oven overnight. The dried soy flour was groumd through o
1 min screen in a Wiley mill and sub-samples were taken for in witro
incubation in a Iaboratory mmen fermentation by standard procedures
previously used in this lab,

Soy flour was treated in 20 Ib, batches with 10.2 ml of 37 percent
HCHO per 100 gm GSF for 2 his for use in the animal study, The soy
llour was dried, ground and sub-samples taken for in wilre incubation.
Twenty ml samples were removed after various incubation times and
freeze dried. The lipids were extracted, separated and measured.

Growth and Tissue Trial

Nine Western rams weighing an average of 355 kg were ted high
concentrate finishing rations with the supplemental protein being (1)
soybean meal (SBM), (2) untreated GSF or (3) GSF treated with 10.2
ml HCHO /100 gm GSF and soaked for 2 he (10.2/2 I, Ration composi-
tions are shown in 'I'able 1. The lambs were individually led all they
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Table 1. Ration Composition (Dry Matter Basis)

Groumnd

Soybean Groumnd Soy Flour
Ingredient meal Soy Flour (10.2/2 hr)'
a2 Tos B = = =
Corn, ground 9.6 57.2 57.2
Soybean meal 9.2 o R
Soy flour i 11.5 11.5
Cottonsecd hulls 9.8 298 29.8
Calcium carbonate 0.8 0.8 0.8
Salt 0.5 0.5 0.5
Vitamin A g 4 -
Vitamin I =+ -+ +

I_HI.'.! ml of 7% m}tﬂ per |1.H]_E-'EI:| ol soy [our, 2 ht..;r.-upo:urc.

could eat for 50 days. All lambs were slaughtered at approximately 100

Ibs 1o obtain fat and tissue samples, The whole loins were removed and
used for taste panel evaluation.

Taste Panel

One half of the loin was boned, the excess fat was removed, and
loins from lambs receiving the same treatments cnmpcsit&rl anl grﬂund.
The ground loin was baked to 160° F internally and served to a six mem-
ber taste panel,

Results and Discussion

In Vitro Fermentation

Linoleic acid (18:2, 18 carbons long with 2 unsaturated positions) was
markedly protected against microbial hydrogenation when GSF was
treated with formaldehyde (HCHO) in small and large batches (Figure
1. Linoleic acid decreased only slightly over the 48-hr incubation period
with rumen [luid when the GSF was treated with HCHO but decreased
to ablmost O percent by the end of 12-24 hr, for the untreated GSF. Stearic
acid, (18:0) the major end pro{hl{:t of linoleic ]1}'Lfr-:1glr:nar.{m1. increased
only slightly over the incubation period when the GSF was treated with
HCHO but showed a sharp increase in the untreated GSF samples cor-
responding to the sharp decline in linoleic acid, Since excellent protec
tion of linoleic acid against ruminal activity was observed, increases in
the linoleic acid content of the tissue lipids were expected.

Tissue Data
Linoleic acid (18:2) was (P <.05) higher {Table 2) in rump, shoulder,
kidney knob and omental fat of lambs fed the HCHO treated GSF ration
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Figure 1. Weight percents of stearic and linoleic acids over a 48hr,
incubation period for untreated GSF or GSF treated with
HCHO in small and large quantities,

than in lambs fed the untreated GSF ration. In addition, linoleic acid
was (P<.05) higher in the fat tissues of lambs fed the untreated GSF
ration as compared to lambs fed SBM. Myristic (14:0) and palmitic acids
(16:0) were (P=.05) lower in the kidney fat of lambs fed the untreated
GSF ration and palmitic acid was also (P<.05) lower in the kidney fat
of lambs fed untreated GSF as compared to lambs [ed SBM.

No significant differences among treatments were noted in stearic
(18:0) or oleic (18:1) acids in any of the fat tissue sites. The fatty acid
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Table 2. Weight Percents ol the Major Fatty Acids in Selecied Adipose
Tissue Sites In Lambs Fed HCHO Treated and Untreated

GSF
Kations® e __j-i:f.}"‘ i -.]Ii.f:l'! reorsi 18:0 18:1 18:2
Rump

SBM 8.5% 2344 18.65" 40.54" 4.131°

GEF 10,95 22,19 19.17" 35100 687

10.2/2 he 541 21.29° 1985 3594 11.86*
Shoulder

SEM 7.86" 25.81° 14.43" 40.83" 459"

GSF 6.02 21.342 16,208 41.91* 9.28°

10,242 hr 5,69 2157 15.28° 30.60" 11.51*
Kidney

SBM 5.9 22.41* 30.57 3197 4.04"

35F 5.5 20.14° 25,12 31.95% 12.08°

10.2/2 hr 3.257 17.17° 25.78° 31.57 15.2¢°
Omental

SEM 884 444" 23.58" 3255 5.06°

G5F bl 20.38° 2417 2956 11.50°

10.2/2 hr 645" 16.86° 2254 28,76 15.07*

iI'1:ﬂ. Mr_risliic:_li.}:ﬂ. 1.:-r|1|:|1'tti.|:', 18:0, m:.arlc: EI.H:I. oleic 18:2, linolelc.
2 J2: Mesms within colwmns with different superscripts differ significantly (P .03).

8 SBM=>S5ovbean meal; GSF—ground soy flour; 10.2/2 hr=10.2 ml HCHO per 100 gm GSF, 2 he.
expodure e HOHD,

Table 5. Weight Percents of the Major Fatty Acids In Loin Chops ot
Lambs on GSF Trial.

Rations 1402 16:0 18:0 18:1 182
SBM .88 26,08 14290 e T
GSF 1.58° 23.68" 16.08" 861" 12,12
10.2/2 hr. 4111 22.09" 15.95" 39.09" 13.56°

1 Sew table 2 for ity acid 11r.|m|:'n?|nl.l.1rr.
vEd Yalues in columns with different superscripts differ significantly (F-<==, 053,

composition of loin fat (Table 3) did not differ in linoleic acid conten
between lambs fed the HCHO treated GSF ration and those fed the un-
treated GSForation. However, the lambs [ed the untreated GSF ration
had (P=2.05) more linoleic acid than lambs fed SBM. Palmitic acid was
(I'<.05) lower in the lambs fed treated and untreated GSF compared to
lambs Ted SBM. No differences were noted among treatments for myristic
(14:0), stearic (18:0) or oleic (18:1) acids.
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Growth Data

There were no significant differences among treatments lor daily
feed consumption, feed efficiency or average daily gain (Table 4). How-
ever, the lambs on the HOCHO treated ration tended to have a poorer
feed efficiency and daily gain than lambs fed untreated GSF or SBAM.

Taste Panel Data

No differences in the flavor of ground loin among any of the treat-
ment comparisons were apparent (1'able 5), Cooking had no apparent
effect on the fatty acid composition of the loin (Tahle 6).

Conclusion

With proper [formaldehyde treatment and processing, the polyun-
saturated fatty acids of whole fat soybeans can be protected from rumen
microbial hydrogenation. This results in ruminant meat high ir polyun-
saturated [atty acids and which remains as desirable in Havor as meat
from animals fed a conventional diet.

Table 4. Growth Performance Data on Lambs Fed Treated and
Untreated Soy Flour

Rations
SBM S GSF T InE/2he.
No. of lambs ;] e . 3
Days on trial Lili} a0 50
Average daily gain, Ibs* a3 62" A0
Daily feed consumption/head, 1bs, 3.04 345" .08
Feed required per b, gain, |hs, 6.0 5.65" g.34"

L] Means within eame row with same superscript do not statistically differ o P=.08).

Table 5. Taste Panel Data on Flavor of Ground Lamb

* Number of

~ Number of
Crmparisnn Comparisons Correct Responses'
SBM/GST 24 9
SBM/2 hr 2% 11
GSF/2 hr 20 10

! Mo significant differences in flavor (P2==05) among any of the cmmparsons,
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Table 6. Fatty Acid Weight Percents of Cooked and Uncooked Ground
Lamb Loins

Fatty Rations®
Acids' SHM GSF 10.2/2 hr.

Uneooked  Cooked Uncooked Cooked [ncooked  Cooked

140 5.68 5.80 4,66 4,52 4.51 4,54
16:0 24.18 24,79 22.08 21.50 20.16 20.94
18:0 16,85 16.51 15,64 16.77 17.89 17.48
18:1 +1.98 +2.42 42.9% 41.77 39.26 39.09
18:2 AR 502 9.56 10.68 13,66 13.05

Lsee lable # for fany acid nomenclature,
1Mo satistical analysls was conducted as loins were composited according 1o rations.
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