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Dried citrus peel and pulp proved a satisfactory car-
bonaceous feed for milk cows when used as fifty per cent
of the concentrate mixture. In five separate experiments,
citrus peel and pulp yielded an average of 74 therms per
hundred pounds. Citrus peel and pulp was found to be a
palatable feed except when used in large quantities. No
noticeable effects upon the flavor and aroma of milk could
be detected as the result of feeding citrus peel and pulp.
Neither did the use of this feed in the dairy ration result
in extreme scouring.
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DRIED CITRUS PEEL AND PULP AS A FEED FOR LACTATING COWS

0. C. Copeland' and C. N. Shepardson?

As a by-product of the citrus industry located in the lower Rio Grande
Valley of Texas, there are considerable quantities of dehydrated citrus
peel and pulp available as a feed for livestock. Since the dehydration
plant was constructed in 1938, the production of citrus peel and pulp
has averaged about 6,320 tons annually. The producers of citrus peel
and pulp estimate that approximately 85% of this feedstuff is composed
of the peel, rag and seed of grapefruit and about 15% composed of the
refuse from oranges. Before the machinery was installed for the de-
‘hydration of this material, representatives of the industry contacted
Jivestock men at the College relative to conducting feeding experiments
with this product both to beef cattle and milk cows. Much of the citrus
‘used in the feeding tests reported here was donated for experimental
purposes to the Division of Dairy Husbandry by the Rio Grande Valley
Citrus Exchange.

~ Probably due to the fact that the production of citrus peel and pulp
is limited to three general areas of the country, our knowledge con-
erning its feeding value was somewhat limited. California, Florida and
as are the only sections where citrus is produced in sufficient quantities
to permit the production of a feedstuff as a by-product of the citrus
industry and in sufficient quantities to warrant the installation of de-
dration machinery. Workers at the California Station (6) found that
ed orange pulp showed to be equivalent to beet pulp for milk produc-
. Jones, et al.,, (3) at the Texas Station reported dried citrus pulp
ear corn chops with husk about.equal in feeding value as to gains
liveweight when not more than 25% of the concentrates was com-
ed of dried citrus pulp. However, the degree of finish was superior
the group fed ground ear corn. When dried citrus pulp was used as
0% of the concentrate mixture the feed was less palatable, had slightly
reater laxative effect, and gains and degree of finish were not so
satisfactory as with the ear corn chops. Neal, et al., (5) at the Florida
Station found both grapefruit and orange refuse a satisfactory carbo-
ydrate feed for beef cattle. They report both of these feeds to be
alatable and to produce a glossy coat of hair and satisfactory gains.
n fome later work by the same authors (1), dried grapefruit pulp was
ed to dairy cattle and yielded 1.29% digestible protein and 76% total
estible nutrients. When compared with beet pulp slightly more milk
butterfat was produced from the cows fed grapefruit pulp than from
hose fed beet pulp. They concluded that these two by-products are

C. Copeland, Chief, Division of Dairy Husbandry, Texas Agricultural Experiment
m.

. N. Shepardson, Head, Department of Dairy Husbandry, Agricultural and Mechanical
of Texas.




TABLE 1. Chemical Analysis of Feeds Used*
Nitrogen- Units Phos-
Crude Fat Crude free Water Ash crude Lime phoric
Feed Protein fiber extract carotene acid
per gram
Per cent | Per cent | Per cent | Per cent | Per cent | Per cent |. Per cent | Per cent
Dried citrus 5400 01 tm e (S TR e 550 { s | 10.21 63.48 13,23 5.87 (108 il B - S R TR LS Jatl Sk
Dyiad - citrug pulp®®. 5wl vmidrens 5.41 1.81 10.33 66.88 8.41 A% 4 TR = Y e g O B O T ST
Corn and-cob mealu i wovymeiadin g 9.01 %313 7.83 68.70 9.70 B A S S 0.08 0.43
Cottonseed meal. | o5k L i il 43.48 6.16 10.28 2557 8.66 D 86 Ll el 0.27 2.28
|
Ground whole oats................ 8.94 5.46 11.79 58.92 11.00 3r 809 s 0.18 0.66
Wibmat branes o5 Moo dure 17.80 4.14 9.41 53.70 8.63 L G P N 0.25 2.81
ATERI o T oo T S R R 18.58 1.74 27.27 34.20 8.27 9.94 3.90 1.80 0.66
Gronnd- HIeShome S t A e shn TS T Lot i e e e e & [ e et e e, e ey Pk 838 il i

*Analysis made under the direction of G. S. Fraps, Division of Chemistry.
**Average analysis given in Texas Station Bulletin No. 620.
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.~ DRIED CITRUS PEEL AND PULP AS A FEED FOR LACTATING COWS 7
ically equal in feeding value when supplied as bulky carbohydrate
eeds to dairy cows. They also were not able to find any characteristic
or in the milk as a result of feeding dried grapefruit pulp which
d be attributed to the feed. Morrison’s Feeding Standard (4) shows
at the average composition of dried grapefruit refuse, orange pulp
d beet pulp are very similar. The grapefruit refuse is somewhat lower
| digestible protein than any of the other feeds but is slightly higher
1 nitrogen free extract.

Although considerable quantities of beet pulp are fed to dairy cattle
1 this State, most of it is utilized in the mixed feed business. Utilizing
et pulp in this manner does not afford dairy feeders much knowledge
meerning its nutritive value as a feed for milking cows. Since the
vailable information from both the Florida and California Stations
e comparisons of citrus peel and pulp with beet pulp, it was decided
» conduct this investigation comparing citrus peel and pulp with corn and
;’,v meal, a feed with which all dairymen are well acquainted as to its merits
milk production. The chemical analysis of citrus peel and pulp and
and cob meal (without shuck) are also very similar except that
he corn and cob meal is considerably higher in protein. The chemical
nalyses of the feeds used in the experiments are shown in Table 1.

PLAN OF INVESTIGATION

‘Both the dairy herds of the Experiment Station and the Dairy De-
wrtment of the School of Agriculture were used to conduct five separate
;periments comparing citrus peel and pulp with corn and cob meal as
e chief carbohydrate feed in the concentrate ration for lactating cows.
o double-reversal method of feeding was used. In this method cows
ere paired so that each pair was as nearly alike as possible as to size,
age of lactation, age and milk producing ability based on previous
¢ctations. One cow from each pair was placed in group A and her mate
‘group B. Group A was started on the corn and cob meal and group
vas started on the citrus ration. Each experiment was conducted over
90-day period. At the end of the first 30-day period the feeds for the
0 groups of cows were switched so that group A received the ex-
rimental ration of citrus peel and pulp and group B was fed the ground
* corn ration. Then at the end of the 30 days the groups were
itched back to the same feeds they received at the beginning of the
iperiment. These three 30-day periods constituted one experiment. The
t 10 days of each 30-day period was considered preliminary and the
sults discarded and the last 20 days considered experimental. In the
eriments conducted with the Experiment Station dairy herd, the
were fed in dry lot. In the experiments conducted by the Dairy
bandry Department, the cows were not fed in dry lot but were al-
wed access to pasturage and carbonaceous hay was fed to each group
e choice.
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/

i ' » Feeds

H

All concentrates fed to cows both at the Station dairy and Department
of Dairy Husbandry were fed in the milking barn. The rate of grain
feeding was in accordance with milk production, usually about one
pound of grain for each two and one-half pounds milk produced per
cow daily. Alfalfa hay was used as a roughage with the Experiment‘
Station herd and was fed twice daily in a shed equipped with individual
feeding mangers separate from the milking barn. Sorghum and Sudan
grass hay were fed free choice to cows on experiment at the Dairy
Husbandry Department. The grain mixture used at the Experimen
Station is shown in Table 2 and the grain mixture used by the Department
of Dairy Husbandry is shown in Table 2A. i

Table 2. Experimental Concentrate Feeds in Pounds
(Experiment Station Ierd)
Feeds (c:g ll;nnfle':«x(lj Cai :nlc:‘lusp ll;lepe g
concentrate concentrate
mixture mixture
Citrus peel and pulp....... B PR & v St L 5 P O 0.0 50.0
Cora andiicob, meal,. HRA A EN e Lt i & MEXe. 4 5% 50.0 0.0
GOTLoTReRd Nl ea) 18 FNOD NS RSB 3 0 ks 25.0 25.0
SR R D e GATEY, It (5 Ly e S e s e st 0e e s 10.0 10.0
LY R TR O e el R S el i R A e i B 12.0 12.0
oster sholl HoRp il Jo i sl S s b VA e naumdte « s Lig 3 2.0, 2.0
ST e S G e R SR T O T e 1.0 1.0
Table 2A. Experimental Concentrate Feeds in Pounds
(Dairy Husbandry Department Herd)
Corn and Citrus peel ‘.
Feeds cgglc)elﬂ::{e cca):gelg)t‘ll’l&e i
mixture mixture

Titras Peal and Dl sl ARG RN ST T ade G 0.0 50.0
Corn and cob meal. . .. ColL T U 50.0 0.0
(RF e L3 VT b Y e e i e e SRS e I AR A 31.0 31.0
T T Y T T O S N R T TR TSI SN TR 8.0 8.0 A
LN R SR A RN T S T T e s S S S 8.0 8.0
DR ECEASHETI RO M « i /087 00 s Tl s e Sty vl e+ 00 0 51e e 2.0 2.0
S e G e SO R R R i MR R R 1.0 1.0
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Experimental Animals

In three tests conducted at the Experiment Station dairy, purebred
Jersey cows were used in all experiments. In the first experiment there
were seven animals in each group and the second and third experiments
~ only six animals were used in each group. There were two experiments
~ conducted by the Dairy Department in which both purebred Holsteih
and Jersey cows were used. In the first experiment ten animals were
used in each group and the second experiment nine cows were used in
~ each group. Only healthy cows were used in these experiments and cows
 which were not more than three or four months advanced in their
" lactations so that they were producing a good flow of milk.

Liveweights

Liveweights were taken for three consecutive days at the beginning
and end of each 30-day period on all animals in the Experiment Station
~ dairy herd; however, scales were not available so that no liveweights
 were obtained on the experimental cows from the Department of Dairy
fiHusbandry herd. Individual averages of the 3-day weights were used as
~ the actual weight of each cow at the beginning and end of each period
- to ascertain whether or not there was loss or gain in the liveweights
- on the different feeds during the progress of the experiment.

EXPERIMENTAL RESULTS

~ The value of feeds for milk cows is largely determined by their effect
ipon milk production.. In any feeding test there will be some change
the liveweights of the animals used as experimental subjects. Such
nges might or might not be the result of the feed under investigation.
There will also be some difference in amount of feed consumed by the
ows on the experimental ration as compared with the check ration
~unless feed consumption is purposely kept the same between both groups
of cows. Roughage was fed according to the appetites of the cows and
centrates were fed in accordance with production. Final results of
ding experiments using the double-reversal system are indicated by
differences in amounts of feed consumed, milk produced and changes
~in liveweights between the average of the first and third periods and
second period for each group of cows and finally the average dif-
ences are taken between the two groups. The results of milk produc-
n for the first experiment conducted at the Experiment Station are
hown in Table 8. The results for feed consumption and changes in live-
ights were calculated in the same manner as illustrated in Table 3
milk production.

Milk Production

‘"The results of milk production, feed consumption and changes in the
liveweights are shown in Table 4.
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Table 3. Milk Production in Pounds During First Experiment Comparing Corn and Cob Meal versus Citrus Peel -‘nd Pulp
(Experiment Station Ierd)

2

: o0

: 4 Average Average first and E;

Cow No. First 20-day Second 20-day Third 20-day first and third period minus =}

period period period third period second period E

g

Group A (corn) (citrus) (corn) (corn) 'm
VDS o B i e 0 847.5 752.2 678.4 762.95 +10.75 &
0T SETRIRRC T T Gt K P IR = o L e M E oAl 563.4 563.9 532.4 547.90 —16.00 ;
SEE s il SR N o T e T TNy 806.3 751.5 659.9 733.10 —18.40 E
L ot ey g b L S a7 447.7 436.1 385.1 416.40 —18.70 5
Lo I A R e D 599.3 574.3 523.2 561.25 —13.05 Q
R I, O S S S 562.7 505.0 427.7 195,20 — 9.80 g
SIS P R T s G R A - 28 Rl AR 716.2 625.6 556.6 636.40 +10.80 2
Y T e e S SRy WG e L ey e ol B SO TR | IR e s R R S s Rl BB s e o — 7N %
Group B (citrus) (corn) (citrus) (citrus) ;
T s s S o Tkie, W W v it RPN P s 781.9 785.5 662.0 721.95 —63.55 t;l:
B T e e R R L T 2 e R et 0 628.0 617.0 533.1.3 580.65 —36.35 g
SBO S G s B SR e R R R e 758.6 7915 683.8 721.20 —70.30 E
A0 S LT SRR R e 504.9 465.3 106.9 455.90 —9.40 %’
¢ 1 i J O e R o v, SIS e S S e 562.0 551.5 509.3 535.65 —15.85 ta
e e e 586.1 545.9 457.9 522.00 —23.90 £
(1Y [ TS AT i M PRI WS Wit RN S e 4 704.9 649 .4 595.1 650.00 4+ 0.60 g
Ry ey (s IR e SR S A i e P S Sl SR W R arR e S R S TR ety o RS o TS —31.25 =




g - TR — o " SRR T

\v i R TABlo L GOl -ver#us) Cltrug | ’ i Btk e i R
Average differences in feed consumption, milk production and changes in body weights in pounds during 20-days experimental period :
=}
Corn Citrus Cotton- B
and cob peel and seed Wheat Oats Alfalfa Weight Milk g
meal pulp meal bran hay

Q
=
(Experiment Station Herd) o
m
Experiment 1 -
Group A (started on corn)............... +118.21 —127.86 —4 .82 —2.31 —1.93 +5.04 +10.10 — 7.91 =
Group B (started on citrus) . ... ... ... —133.47 +117.45 —8.01 —3.84 —3.21 —3.46 + 5.30 —31.25 [l
Difference AR ...k .. i c i e Bk Al +251.68 | —245.31 +3.19 +1.53 +1.28 +8.50 + 4.80 +23.34 B
ARerabes. = e s wRad +125.84 | —122.66 +1.60 +0.77 +0.64 +4.25 + 2.40 +11°67 E
Experiment 2 =
O S A AT B N COPTI T o v st bs s +146.28 | —136.90 +4.69 +2.26 +1.87 —17.75 +31.08 +40.33 L]
Group B (started on citrus).............. —139.17 | +140.43 +0.63 +0.31 -+0.26 —22.92 +10.34 —20.05 (=}
A OreReos A o i o s wapii i vios e 3 ssse +285.45 | —277.33 +4.06 41.95 +1.61 4 5.17 +20.74 +60.38 E;
T LR T P e el i v G +142.73 | —138.67 +2.03 +0.98 +0.81 + 2.59 +10.37 +30.19 >
2]

Experiment 3
Gronp. A s(started on ‘copp) ., & oy v +119.00 | —115.50 +1.75 +0.84 +0.70 —25.00 —37.97 +33.31 >
Group B (started on citrus).............. —112.00 | +118.00 +3.00 +1.44 +1.20 —43.62 —48.64 +13.30 o)
Pifferencti Az-B vs 0 557y s e +231.00 | —233.50 —1.25 —0.60 —0.50 +18.62 +10.67 +20.01 E
ANRIALIO Rt e i o iiona’ w oo B aly A e +115.50 | —116.75 —0.63 —0.30 —0.25 + 9.31 + 5.34 +10.01 =
Lo
. =]
(Dairy Husbandry Department Herd) =
Experiment 1 , ;
Group A {started 0N corn). w2, a5 e +132.90 | —132.00 +0.56 +0.14 SEOTIM e, 5 vl SR SR, 2 +26.78 S
Group B ‘(started ‘on citrus) . ...\, . gon —129.70 | +132.00 +1.43 +0.37 b & § a0 R s et PECRT Sy 3 4+ 8.75 =]
ENHETenceE AR & o . s e o B e i T +262.60 | —264.00 —0.87 —=0.23 0L BB R Dy e, e TN e B T +18.03 :
ARG o0 0 ST T s B SN T +131.30 | —132.00 —0.44 —0.12 S5 T L S A e R MR e -+ 19.02 E
Q

Experiment 2
Group A (started on corn)............... +124.06 | —130.78 —2.52 —1.42 Sl R Sl s e L A — 8.71 8
Group B (started on citrus).............. —154.22 | +146.50 —3.02 —1.62 T e SNLTER AT TG ol TR — 0.28 Z
Differencer AsBlL [T L d. L i e S +278.28 | —277.28 +0.50 40.20 O DO B8 L R D S —. 883 o

ARprage .l (884 Y e SN S +139.14 | —138.64 +0.25 +0.10 2T 00 1 s 1R o e e e S — 4.22

-
=
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In the first experiment at the Feeding and Breeding Station, group
A which started on corn produced 7.91 lbs. less milk per cow in a 20-day
period while on the corn than when fed the citrus ration. Group B
which started on the citrus, however, produced 31.25 1lbs. less milk
while on the citrus ration than when fed the corn ration. In the second
experiment group A starting on the corn and cob meal, produced 40.33
Ibs. more milk per cow in 20 days while on the corn ration whereas
group B starting on the citrus ration produced 20.05 1lbs. less milk
per cow during the same period of time while on the citrus ration. The
results of the third experiment group A again started on the corn ration
produced 33.31 lbs. more milk while fed on the corn ration and group
B starting on the citrus ration produced 13.30 lbs more milk while fed
citrus than when fed the corn ration. Results of milk production at
the Department of Dairy Husbandry showed in the first experiment
group A starting on corn produced 26.78 lbs. more milk while on the
corn ration and group B starting on citrus produced 8.75 lbs. more milk
per cow while fed the citrus ration. In the second experiment group
A starting on the corn ration produced 8.71 lbs less milk on the corn
ration and group B produced 0.28 lbs. less milk while being fed the citrus
ration.

Changes in Liveweight

As previously stated only the cows in the Experiment Station dairy
herd were weighed to determine the effects on liveweight as a result
of feeding citrus peel and pulp to milk cows. Scales were not available
at the Dairy Department to obtain liveweights for that herd. In the
first experiment, the cows in group A starting on the corn gained 10.1
Ibs. more in a 20-day period while fed the corn ration and the cows in
group B starting on citrus gained 5.3 lbs. more in the same period while
fed the citrus feed. In the second experiment cows in group A starting
on corn gained 31.08 lbs. more while fed corn and the cows in group
B starting on citrus gained 10.34 lbs. more when fed citrus. In the
third experiment the cows in group A starting on corn lost 37.97 Ibs.
more when fed corn and the cows in group B starting on citrus lost
48.64 lbs. more when fed citrus.

Results of Feed Consumption

The results of feed consumption show that the feed consumed both
as to concentrates and hay were somewhat similar between cows on the
two rations. There was slightly more feed consumed, both concentrates
and hay, by the cows on the corn ration. It was noted during the
progress of the experiment that in the higher producing cows being
fed considerable quantities of concentrates, the citrus ration proved
slightly less palatable; however, this was only noticeable in animals
being fed large quantities of concentrates. The maximum amount of
concentrates fed during the progress of the various experiments was




Table 5. Equivalent of Corn and Cob Meal to Citrus Peel and Pulp

Milk and Body Weight in Pounds

Corn Citrus Cotton-
and cob | peel and seed ‘Wheat Oats Alfalfa Weight Milk
meal pulp meal bran hay
(Experiment Station) 4
BRDETRIBIEE 050150 o0 A, & (i s ) e s o s e +125.84 | —122.66 +14 60 +0.77 +0.64 .+4.25 + 2.40 +11.67
b T . e B B ey e U e +142.73 | —138.67 +2.03 +0.98 +0.81 +2.59 +10.37 +30.19
§ 7S e v h Lo O B R S SRR o k8 S oA g +115.50 | —116.75 —0.63 —0.30 —0.25 +9.31 + 5.34 +10.01
(Dairy Husbandry Department)
I s o | A ST o S R D oot ek iy +131.30 | —132.00 —0.44 —0.12 O T2 e et o B Y + 9.02
E:Eperiment A SR e AR AR R e +139.14 | —138.64 +0.25 +0.10 o 55 1 6 SRR - S — 4.22
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sixteen pounds per cow daily. This meant an average daily consumption
of eight pounds of citrus for the higher producing cows during their
peak of production.

Table 6. Calculation of Productive Value of Citrus Peel and Pulp in Therms

(From Equations in Table 5)
Experiment Station

Experiment 1 Experiment 2 Experiment 3
Productive energy Pro- Pro- Pro-
Pounds | ductive | Pounds | ductive | Pounds | ductive
value value value
EREESEE Y S0 o o S Ry B22 OB, o oA 13887 ki 116. 75| s ol ..
Corn and cob meal X .747 | 4125.84| +494.00] +142.73| +106.62| +115.50
Cottonseed meal X .720 +1.60]  +1.15/ +2.03] +1.46{ . —0.63] —0.45
‘Wheat bran X, 563 +0.77 +0.43 +0.98 +0.55 —0.30 —o.178
Oats X 719 +0.64 +0.46 +0.81 +0.58 —0.25 —0.188
Alfalfa hay X .436 +4.25 +1.85 -~ +2.59 +1.13 +9.31 +4.06
Milk X. .30 —11.67 —3.50, —30.19 —9.06] —10.01 —3.00
Productive 9
energy of citrus
BeEelands pulp iss w300 T i 494.39), .. L. .. L1018 28025 ! o +86.54
Productive .
energy per 100 lbs.
citrus peel and pulp.......|......... o il pRE sl SO AL 74.12”
Table 6A. Calculation of Productive Value of Citrus Peel and Pulp in Therms
(From Equations in Table 5) *
Dairy Department
Experiment 1 Experiment 2
Productive energy Productive Productive
Pounds value Pounds value
(08T 8 T R R N YA R A i TE O o e T B 138.64 . ... xud ol 3
Corn and cob meal X .747....... +131.30 +98.08 +139.14 +103.94
Cottonseed meal b A ) IR A —0.44 —0.32 +0.25 +0.18
Wheat bran X563 e —0.12 —0.07 +0.10 +0.06
Oats St 719 ¥ - R T —0.12 —0.09 +0.10 +0.07
Milk S B0 B —9.02 —2.71 +4.22 +1.27
Productive
energy of citrus peel and pulp...|............ 94 089 AT A At CEE +105.52
Productive &
energy per 100 lbs. citrus peel and
Tl S P g S R TR, PO T G S 71890 e e 76.11




DRIED CITRUS PEEL AND PULP AS A FEED FOR LACTATING COWS 15

Productive Energy of Citrus Pulp

- The value of a carbohydrate feed for milk cows is measured by de-
ining the productive energy content. The productive energy value
a feed is measured from the results of differences in milk production,
consumption and changes in liveweights for the various periods
e cows were fed the experimental feed as compared with the check
ation. Because different feedstuffs and milk each have different energy
ues, these items have been reduced to a common term “productive
gy.” In the analysis of these data, the productive energy of the
was calculated by the Division of Chemistry as illustrated in
‘exas Station bulletin 461 (2). The calculated productive energy of the
seds used in the corn and cob meal ration was multiplied by the pounds
* each feed to obtain the total productive energy supplied by the corn
" cob meal ration. Similar calculations were made for differences
n milk production. These differences in productive energy were added
or subtracted from the productive energy contained in the corn and
meal used. The remainder of productive energy was divided by the
I pounds of citrus fed to obtain the productive value for the citrus
essed as “therms per hundred pounds” as shown in Tables 6 and 6A.
s previously mentioned, the results of changes in liveweights were
it included in these calculations because of such wide variations in the
sults of liveweight changes between the three experiments conducted
y the Experiment Station. It is believed that the productive energy
lues calculated from the differences in milk production and feed con-
ption more nearly represent the true value of citrus peel and pulp
milk- cows than when the changes in liveweights were included "
use of the extreme variations in liveweights between the three
eriments.

DISCUSSION

ults of the effects of feeding citrus peel and pulp in the dairy
entrate mixture using 50% of the entire concentrate mixture as
trus pulp as compared with a similar ration containing corn and cob
eal without shuck are presented for five separate experiments. It can
seen from Table 4 that in each experiment except the second ex-
timent conducted by the Dairy Husbandry Department there was a
ight difference in milk production favoring the corn ration. The average
fFerence per cow per day when the results of preduction for both
hps were combined was .86 lbs. per day. The same difference
- milk production for the two experiments conducted by the De-
rtment of Dairy Husbandry was .12 Ibs. per cow daily. Both of
ese average differences in milk production were in favor of the corn
cob meal ration over the citrus pulp ration. However, these dif-
nces are so small they cannot be considered as significant. This
resents fairly close agreement as to the effects of citrus pulp on
k yields in dairy cows as compared with a ration of corn and cob meal.
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The average differences in gains or losses in liveweights between the
periods of feeding corn and cob meal as against citrus peel and pulp
in the same group of cows as well as between groups for the three ex-
periments showed an average difference in weight of .30 lbs. per cow

‘daily in favor of the corn and cob meal. There was such variation in

the results of liveweight changes between the three experiments that
this difference of .30 lbs. per cow daily is not significant even though
the differences representing gains in each of the three experiments
were in favor of the corn and cob meal ration.

Since some investigations have indicated that citrus sometimes caused
excessive scouring, all experimental animals were kept under -close
observation. During the progress of all of these experiments, no extreme
laxative condition developed in any of the experiment animals. General
thrift was also very similar between the cows fed the citrus peel and
pulp as compared to those fed the corn and cob meal. It was our observation
that cows fed the citrus ration did show more gloss to their hair
even though the feeding periods were comparatively short. We were
not able to determine any effects on the flavor and aroma of the milk
as the result of feeding citrus. It can be stated that the citrus proved
to be palatable even when fed as 50% of the entire concentrate mixture
except in cases when fed to the higher producing cows consuming large
quantities of feed. There was some refusal although slight in cows con-
suming 16 Ibs. of concentrates daily which represents a consumption of
8 lbs. of citrus.

Corn and cob meal without shuck was used in these experiments
as the check for the citrus feed because it was quite similar in chemical
composition although the corn and cob meal was somewhat higher
in digestible protein than was the citrus peel and pulp. No allowances
were made for this difference through adjustments in the amounts of
high protein feeds used in the grain mixtures because it was calculated
in formulating the grain rations to be used that ample protein was
available in both feeds. It was assumed that any excess protein furnished
by either ration could be utilized for energy purposes. In Tables 6 and 6A
giving the calculations of the productive value of citrus peel and pulp
in therms as determined from the results of milk production and feed
consumption shows that the two feeds are almost identical as to their
productive energy values. The results as given in these Tables show
the productive energy value of corn and cob meal and citrus peel and
pulp to be almost exactly the .same. The productive energy for corn
and cob meal is 74.7 therms per hundred pounds as compared to an
average for the five experiments of 74.42 therms per hundred pounds
of citrus peel and pulp. This average does not include calculations- based
on differences in liveweight changes because they did not appear to be
of significance and also because liveweight changes were not taken in
the two experiments conducted by the Dairy Husbandry Department.
Since slightly more milk was produced as a result of feeding the corn
and cob meal as compared with the citrus peel and pulp although the
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uctive energy values of the two feeds as shown by these results

ere almost identical, the differences in production favoring corn and

meal must have been due to the extra amount of feed consumed
the cows while being fed the corn and cob meal ration. This verifies

A previous statement that the citrus pulp was not quite as palatable
s the corn in the higher producing cows which consumed large quantities

concentrates. These experiments represent a rather critical test for
s pulp because of the high percentage which was used in the con-
trate mixture. Where such favorable results were obtained using
large quantities as reported in these experiments, it can safely be

;‘;umed that equally good results would be obtained if smaller amounts

ore used; that is, 25% of the entire grain mixture instead of 50%.
 future work we plan to use smaller quantities and conduct some ex-

riments comparing citrus peel and pulp with beet pulp; however, since
beginning of the war, we have been unable to secure citrus some
‘the time and have never been able to obtain beet pulp.

CONCLUSIONS

ive experiments have been conducted with lactating dairy cows com-
ing a concentrate ration containing 50% citrus peel and pulp with
ilar concentrate ration containing 50% ground corn and cob meal
out shuck.
results of milk production and changes in liveweights show a
t difference favoring the ground corn ration.
e productive energy value of citrus peel and pulp as calculated
the results of these five experiments showed an average of 74.42
rms per hundred pounds as compared with 74.7 therms for corn and
‘meal.
s peel and pulp when fed in moderate quantities proved to be
atable as corn and cob meal. In extremely hot weather citrus
'fand pulp when fed in moderate quantities has a beneficial effect
the appetite of dairy cows. It seemed that the citrus ration did
‘a slight effect upon the degree of glossiness in the coat of hair.
were not able to detect any noticeable effect upon the flavor and
of the milk produced by cows fed as much as 8 lbs. daily of
peel and pulp. Even when fed in large quantities, it did not produce
eme laxative condition to the cows.

2)
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