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ABSTRACT

Eighteen Holstein cows of approximately 550 kg mean live weight (LW),
and 57 = 24 days in milk at the start, were divided into six groups of three
each for use in a single-reversal design, with two 5-wk experimental periods,
to compare two treatments: T1, including a liquid feed (85% SynerMax®: 15%
cane molasses) offered in lick-wheel tanks to three groups between 7:00
a.m. and 2:00 p.m. (1.7-kg daily intake), plus a concentrate of solid ingredi-
ents (theoretically 1.8 Mcal NEL/kg, 16% crude protein) fed individually ac-
cording to milk yield, a small offering of grass hay (<3 kg consumed daily),
and rotational grazing at night in four paddocks on mixed tropical grasses;
T2, as in T1 but without liquid feed, rather including a larger concentrate al-
lowance (10.5- vs. 11.6-kg intake). Mean results obtained with T1 and T2, re-
spectively: daily milk yield, 22.45 vs. 22.55 kg; milk fat percentage, 3.03 vs.
2.94; milk protein percentage, 2.68 vs. 2.76 (P < 0.01). Intakes of dry matter
(DM) from high-energy supplements (solid concentrate plus liquid feed)
were 10.2 vs. 10.3 kg, respectively. Daily DM intake from grazed forage by
cows of both treatments in common pastures was estimated by a disk-drop
method as 9.31 = 2.68 kg. It is concluded that the liquid feed, when constitut-
ing 4 or 5% of total dietary DM, had a feeding value equal to that of the solid
concentrate on a DM basis, but no synergistic effect was substantiated.
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RESUMEN

Un alimento suplementario de Synerllax® y melaza para vacas lactantes
en semiconfinamiento
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Se usaron 18 vacas Holstein de peso vivo medio aproximado de 550 kg y
57 = 24 dias postparto al comienzo, divididas entre seis grupos de tres ani-
males, en un disefo de reversién sencilla con dos periodos experimentales
de cinco semanas. Se compararon dos tratamientos: T1, un alimento liquido
(85% SynerMax: 15% melaza de cafa) ofrecido en tanques con ruedas de
lameo a tres grupos entre las 7:00 am y 2:00 pm (1.7 kg de consumo diario),
ademas de un concentrado basado en ingredientes sélidos (teéricamente
1.8 Mcal ENL/kg, 16% proteina bruta) suplido individualmente segin la pro-
duccién de leche, un pequeiio aporte de heno de gramineas (<3 kg/dia con-
sumidos) y pastoreo nocturno rotacional en cuatro predios con gramineas
tropicales mezcladas; T2, igual a T1 pero sin alimento liquido, e incluyendo
una mayor asighacion de concentrado (10.5 vs. 11.6 kg consumidos). Los
resultados medios obtenidos con T1 y T2 fueron, respectivamente: leche dia-
ria, 22.45 vs. 22.55 kg; porcentaje de grasa, 3.03 vs. 2.94 y de proteina en la
leche, 2.68 vs. 2.76 (P < 0.01). El consumo de materia seca (MS) procedente
de suplementos de alta concentracion energética (sélido mas liquido) fue
10.2 vs. 10.3 kg. El consumo diario de MS en forraje pastoreado por las va-
cas de ambos tratamientos en predios comunes fue estimado por un
método de caida de disco en 9.31 = 2.68 kg. Se concluye que el alimento
liquido, al constituir unos 4 a 5% de la MS dietética total, tuvo un valor ali-
mentario igual al concentrado en base seca, pero no se comprobé un efecto
sinergético.

INTRODUCTION

Synermax is the name of a co-product derived from the industrial
fermentation used to manufacture erythromycin at the operations of
Abbott Laboratories in North Chicago, IL, and Barceloneta, PR. This
industrial process yields a final stable material with a DM content of
49% and specific gravity of 1.17 (Abbott Laboratories, 2000). This co-
product replaced the former less concentrated by-product known as
Liquid Streptomyces Solubles (LSS®) that contained about 30% DM
(Abbott Laboratories, 1998).

On the North American Continent LSS and SynerMax have been
used mainly in poultry feeds. Extensive feeding trial data and practical
experience in past years supported the claim that LSS had a beneficial
effect in poultry nutrition beyond its contribution of known nutrients
(energy and protein). This beneficial effect was ascribed to unidentified
fermentation factors. Recent data indicate a similar benefit for Syner-
Max. In a massive trial with layer hens in high-rise houses, the birds in
one house were fed a diet in which 0.5% of SynerMax was added in par-
tial substitution for maize; these hens produced more eggs, used less feed
per unit of egg weight and had lower mortality than controls in a second
house (Anonymous, 2002). In a series of experiments with broilers, diets
with addition of 0.5% SynerMax resulted in significantly improved liv-
ability, feed conversion efficiency and breast meat yield relative to the
control diet in some cases; the 1.0% level of addition sometimes signifi-
cantly benefited body weight (Kidd et al., 2002; Fidler et al., 2002).
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A different situation exists in Puerto Rico, where LSS was marketed
in mixture with cane molasses as a liquid cattle feed, under the trade
name Solub Mol, for more than 20 years until mid 2002 when it was no
longer available. The new co-product is also destined mainly to the
dairy cattle market. In preliminary animal acceptance testing, dairy
heifers given first a choice between pure LSS and Solub Mol and sub-
sequently a choice between pure SynerMax and Solub Mol, as
supplements to pasture, ate much more of the Solub Mol in both cases,
but SynerMax was better accepted than pure LSS (Christman, 2000).
In planning further research, it was deemed of interest to determine
whether a synergistic effect of SynerMax, like that seen in poultry,
might also occur in feeding lactating cows. The present experiment was
a step in this direction. An 85:15 mixture of SynerMax and molasses
was offered free choice as a liquid supplement to cows managed in
semiconfinement and fed a diet including grazing but also intensive
concentrate feeding as the principal energy source, all of which is typi-
cal of many local dairy herds (Ruiz et al., 2001).

MATERIALS AND METHODS

The experiment utilized 18 lactating Holstein cows selected from
among those most recently calved (57 = 24 days postpartum) of the
Lajas Substation herd. Their mean daily milk yield immediately before
starting the experiment was 22.7 = 3.8 kg. Two were first lactation cows
and the remaining 16 were in second or later lactation. The animals
were divided into six groups of three each, in the attempt to make the
groups as nearly alike as possible in milk production. Equalization of
days in milk was a secondary consideration in grouping. Nine cows be-
longing to groups 1, 3 and 5 (initially 52 mean days in milk) received
one treatment and the remaining nine (groups 2, 4, and 6; 61 days in
milk) received the other treatment in each of the two periods (single re-
versal design). The periods were of 5-wk duration, divided into a 2-wk
adjustment phase and a 3-wk comparison phase.

Treatment T1 included a liquid feed offered in lick-wheel tanks dur-
ing the interval between daily a.m. and p.m. milkings, in addition to a
solid concentrate fed according to individual milk production, and
small offerings of grass hay (< 4 kg/head) to the confined groups in hay
racks, and grazing during late afternoon and at night. Treatment T2
was like T1 except that it excluded the liquid feed and incorporated a
larger allowance of solid concentrate. T2 cows received 1 kg of this con-
centrate per 2 kg of milk produced, whereas T1 cows usually received 1
kg less daily than the amount of concentrate calculated as the said ra-
tio. The purpose of long hay inclusion was to provide rumen-effective
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fiber during the hours of intensive concentrate consumption, but the
hay was not of adequate quality to warrant its use as a larger propor-
tion of the diet.

The daily management routine was as follows: Early in the morning
cows were brought from pasture for the a.m. milking and then placed
in stanchions to receive their first daily portion of solid concentrate.
Groups assigned to T1 were placed in three spacious unpaved corrals,
each having a small saran-shaded area, water trough, hay rack and
lick-wheel tank. The nine animals assigned to T2 were moved to a sin-
gle tree-shaded corral with water supply and hayrack. Near midday
only the T2 cows returned to the stanchion barn to receive a second
daily meal of solid concentrate, which was intended to compensate for
the lack of liquid feed in T2. After the p.m. milking the cows of both
treatments received their final daily portion of solid concentrate and
then returned to pasture.

Individual milk samples were obtained from four consecutive milk-
ings once during each of the comparison phases. The refrigerated
samples were transported to the DHIA Laboratory of Puerto Rico
where they were analyzed for contents of fat and protein.

The liquid feed used in T1 was a 85%:15% mixture of SynerMax and
cane molasses thoroughly beaten together. This liquid feed was taken
from a one-ton pallet tank during the first seven weeks of the experi-
ment, and from two 55-gallon drums during the final three weeks. The
pallet tank had been sent from the Abbott factory in Illinois several
months earlier and stored outdoors exposed to the sun. However, its
contents were well preserved. The drums contained fresh material pro-
duced locally in Barceloneta. A single drum provided sufficient
molasses to complete the experiment. A sample of liquid from each of
these sources and of the solid concentrate and hay were sent for analy-
sis to Dairy One Forage Laboratory in Ithaca, NY. Table 1 gives the
percentage crude protein (CP) and neutral detergent fiber (NDF) and
mineral contents of these materials.

TABLE 1.—Protein, fiber and mineral contents of the feeds used in the experiment on a

dry basis.
CPt NDF ADF Ca B Mg K Na S
SynerMax 34.0 6.8 1.8 035 048 040 1.57 392 4.26
Cane Molasses 2.2 1.0 0.3 085 0.04 030 236 012 0.51
Solid Concentrate 19.0 174 6.1 0.70 0.77 0.31 1.13 0.30 0.19
Grass Hay 62 735 449 0.50 0.36 0.25 1.22 0.03 0.15

1CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber.
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The solid concentrate was prepared at the Lajas Experiment Sta-
tion and had the following percentage formula: ground yellow maize,
51.5; partially pelleted wheat middlings, 20.0; soybean meal, 17.9; rice
bran, 5.0; whole cottonseed with lint, 4.0; ground limestone, 0.75; salt.
0.5; phosphate supplement, 0.3; vitamin supplement, 0.05. It was cal-
culated to contain 1.8 Mcal/’kg of net energy for lactation (NRC, 1989)
and 16.0% CP. Baled grass hay was obtained in various small lots and
was not very uniform. Daily hay offerings per group varied somewhat
with intake, but never exceeded 4 kg per head.

Four 1-ha paddocks supporting swards of mixed grasses were
grazed rotationally by the experimental animals. Each paddock was
used for five days and then rested for 15 days per 20-day grazing cycle.
Synthetic fertilizer was applied to the pastures at the rate of 68,23 and
45 kg/ha of N, P,0O, and K, O, respectively, shortly before the start of the
experiment. A disk drop method (Bransby et al., 1977) was used to es-
timate the amount of herbage DM present. During the morning of a day
when the cattle were to rotate between paddocks, the disk observations
and forage sampling for DM determination were done in both the pad-
dock just grazed and the one about to be grazed. Upon completion of the
experiment growth of pasture, herbage was measured over five days in
the absence of the animals. With these data, herbage DM intake by the
grazing animals was estimated.

The experimental data were subjected to a three-factor analysis of
variance with one degree of freedom (df) each for treatments and peri-
ods. In those criteria in which individual cow data were obtained (milk
yield and composition, solid concentrate intake and live weight, LW)
there were 17 df for cows and 16 for experimental error, whereas in the
remaining criteria involving group feeding there were 5 and 4 df for
groups and error, respectively.

RESULTS AND DISCUSSION

As planned, intake of solid concentrate was less for T1 than T2 by
margins of 0.4 and 1.8 kg daily in periods 1 and 2, and 1.07 kg (equiv-
alent to 0.95 kg DM) over the full experiment (Table 2). In T1, group
intake of liquid supplement (on a per head basis) was 1.4, 2.0 and 1.68
+ 0.20 kg daily in periods 1 and 2 and overall, respectively (Table 2).
The latter value is equivalent to 0.83 kg DM, which was in substitution
for 0.95 kg DM from solid concentrate in T2. Estimated intakes of so-
dium and sulphur from the liquid supplement were 28 and 31 g daily,
respectively, amounts which did not constitute serious overloading of
the animals with these inorganic elements.



TABLE 2.—Intakes of solid concentrate, liquid supplement, total high-energy supplemental dry matter and partial efficiency ratio of milk to

supplemental dry matter and live weight.

Period 1 Period 2 Full experiment Difference
between

Treatment 1 2 1 2 1 2 treatments! (1-2)
Daily solid concentrate intake (kg) 11.6 12.0 9.4 11.2 10.52 + 0.422  11.59 = 0.38 <1.07%%
Daily liquid supplement intake (kg) 14 — 2.0 — 1.68 = 0.20 — NA
Supplemental DM intake? (kg) 11.0 10.7 9.4 10.0 10.20 + 0.41 10.32 + 0.22 -0.12 NS
Ratio milk/supplemental DM?3 2.28 2.10 2.21 2.19 2.25 + 0.02 2.15 £ 0.04 0.10 NS
Supplemental DM intake? (kg/100kg LW) 2.12 1.92 1.71 1.79 1.92 £ 0.10 1.85 £ 0.03 0.07 NS
Live weight (kg) 522 557 548 557 535 + 13 587 =9 -22 NS

##* = Significant (P < 0.01); NS = Not significant (P > 0.05); NA = Not applicable.

2Standard error.

3KFrom solid concentrate plus liquid supplement in Treatment 1; solid concentrate only in Treatment 2.
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In a previous 3 x 3 latin square experiment (Randel, 2001) with 39
dry cows of the same herd that received an individual allowance of 1.5
kg of solid concentrate and were group fed one of three liquid supple-
ments, daily voluntary intake of an 85% SynerMax: 15% molasses
mixture was 2.69 kg per head. That amount exceeds the corresponding
figure of the present experiment by 1.3 kg. Logically, intensive feeding of
solid concentrate in the present study resulted in reduced appetite for
liquid supplement. In the previous experiment, intake of Solub Mol
(70% LSS: 30% molasses) was, at 3.13 kg daily, higher (not significantly)
than that of the 85% SynerMax: 15% molasses mixture, whereas pure
SynerMax showed a lower (P < 0.05) but still impressive value of 2.49 kg.

Expressing intakes of high-energy supplements (solid and liquid in
T1 and solid concentrate alone in T2), on the DM basis, gives a slightly
higher value for T1 in period 1 (by 0.3 kg) and for T2 in period 2 (by 0.6
kg), whereas the overall mean was a scarce 0.12 kg/day higher for T2
(Table 2). When expressed per 100 kg of LW, intake of high-energy sup-
plemental DM was higher for T1 in period 1, for T2 in period 2, and for
T1 overall (1.92 = 0.10 vs. 1.85 = 0.05 kg), but not significantly so (Table
2). Mean LW was higher overall for T2 by a margin (P > 0.05) of 22 kg
over mean LW of T1,

During period 1 daily intake of hay was 2.3 and 2.8 kg per head in
T1 and T2, respectively, whereas in period 2 these respective means de-
clined to 1.8 and 2.5 kg. Over the full experiment hay consumption was
0.5 kg higher in T2 (2.1 vs. 2.6 kg), corresponding to DM intakes of 1.85
and 2.29 kg. This variable could not be subjected to analysis of variance
because of lack of replication in T2, since all nine cows ate from the
same hayrack. Using data from observations made on four separate
dates, we estimate the DM intake of grazed herbage at 9.31 = 2.68 kg
(SD). Using this common value for both treatments, we estimated total
forage DM intake (pasture plus hay) as 11.2 kg (T1) and 11.6 kg (T2).
When added to the respective high-energy supplemental DM intakes of
10.2 and 10.3 kg, estimates of 21.4 and 21.9 kg of total daily DM intake
are obtained, equivalent to 4.0% and 3.9% of LW. These figures would
seem too high, indicating a probable over-estimation of grazed herbage
intake. Perhaps the lower limit of estimate, equal to the mean minus
one standard deviation (in this case 9.31-2.68 = 6.63 kg) would be more
reasonable. If this limit is assumed, the corresponding estimates of to-
tal DM intake would then be 18.7 and 19.2 kg, equivalent to 3.5% and
3.45% of LW in T1 and T2, which fall within the range of realistic val-
ues, according to NRC (1989). Based on these assumptions the
proportions of dietary DM supplied by high-energy supplements and by
forage would be 55:45 (T1) and 54:46 (T2), and the liquid supplement
would account for 4.4% of the DM consumed in T1.
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During the seven days prior to starting the experiment proper, the
nine cows that would be assigned to T1 in the first experimental period
produced 23.2 kg of milk daily, compared to 21.9 kg for those that would
receive T2 first. Thus, the difference in favor of the former was 1.3 kg
although all cows received the same feeding and management. During
the 2-wk adjustment phase of period 1, daily milk yield increased rela-
tive to the pre-experimental levels, giving means of 24.9 and 23.1 kg,
respectively, for T1 and T2, and thus a slightly greater difference of 1.8
kg, than during the pre-experimental week. During the 3-wk compari-
son phase of period 1, slight additional increases in production
occurred relative to that of the adjustment phase, whereas the mean
difference between treatments declined to 1.6 kg (25.2 vs. 23.6 kg, Ta-
ble 1), a scarce 0.3 kg above the original pre-experimental difference.
Thus, in period 1 very little effect of treatment was evident.

All cows switched treatments at the start of period 2. During the 2-
wk adjustment phase daily milk yield declined relative to that of the
previous three weeks. The cows now on T2 gave a mean of 24.4 kg,
whereas those now on T1 gave 22.8 kg. Thus, the mean difference of 1.6
kg previously observed between the groups of cows remained un-
changed in spite of the change of treatments.

Six days into comparison phase 2, an unexpected mischance inter-
rupted the experiment. An all day, high-intensity rainstorm caused
flooding of the milking parlor, damaged equipment and disrupted the
milking routine for several days. This condition resulted in a sharp de-
cline in milk yield of all the experimental cows, and their pre-flooding
levels were not completely restored when conditions were once again
normal. During the 3-wk reinitiated comparison phase 2, daily milk
output was 21.5 kg for T2, and 19.7 kg for T1 (Table 3). The difference
between treatments thus returned to 1.8 kg, where it had stood in ad-
justment phase 1, but this time in favor of T2. Upon combining both
comparison phases, mean milk yield was 22.45 + 0.93 vs. 22.57 = 0.73
kg daily in T1 and T2, respectively, representing a difference of 0.12 kg
(Table 3). In the statistical analysis of milk yield, cows and especially
periods constituted the main sources of variance (P < 0.01), whereas
treatments were far from having a significant effect at P = 0.05.

Milk fat percentage was slightly higher for T1 than for T2 in both
periods; the mean difference was 0.08 over the full experiment (3.03 =
0.07 vs. 2.95 = 0.09, Table 3). In the analysis of this variable, cows con-
stituted the main source of variance (P < 0.01), whereas the effects of
treatments and periods were not significant (P > 0.05). Milk protein
percentage showed the opposite trend with regard to treatments, it was
slightly higher for T2 in both periods. Surprisingly, the small mean dif-
ference of 0.08 over the full experiment (2.69 = 0.04 vs. 2.77 = 0.04,



TABLE 3.—Production of milk and of milk fat and protein.

Period 1 Period 2 Full experiment
Difference between

Treatment 1 2 1 2 1 2 treatments! (1-2)
Daily milk yield (kg) 25.2 23.6 19.7 21.5 22.45 + 0.932 22.57 +0.73 -0.12 NS
Milk fat content (%) 3.08 2.94 2.97 2.94 3.03 + 0.07 2.95 + 0.09 0.08 NS
Daily fat yield (kg) 0.776 0.695 0.584 0.632 0.680 = 0.045 0.663 = 0.039 0.017 NS
Milk protein content (%) 2.62 2.67 2.77 2.85 2.69 + 0.04 2.77 + 0.04 -0.08%*
Daily protein yield (kg) 0.659 0.631 0.545 0.613 0.602 = 0.023 0.622 + 0.016 -0.020 NS

#* = Significant (P < 0.01); NS = Not Significant (P > 0.05).
2Standard error.
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Table 3) reached the P = 0.01 level of significance, as did the effects of
cows and periods. It is noteworthy that the mean differences between
treatments in milk fat and protein contents exactly cancel each other.
Similarly, milk fat yield slightly favored T1 by a margin of 0.017 kg,
whereas milk protein yield showed a 0.020-kg advantage for T2 (Table
3), neither being significant at P = 0.05.

The efficiency ratio of milk produced/high-energy supplemental DM
intake, favored T1 in both periods; overall means were 2.25 = 0.02 vs.
2.15 = 0.02 (not a significant difference). Although not supported by
statistically significant data under conditions of the present experi-
ment, this relative difference in feed efficiency is of the order of 5%, and
thus is similar to efficiency benefits often observed in poultry with
these streptomyces fermentation products in commercial practice.
However, this is only a speculative suggestion at present pending fur-
ther experimental data.

It is concluded that replacement of part of the solid concentrates
consumed in T2 (0.95 kg DM daily) by 0.83 kg DM from the SynerMax-
molasses mixture of T1 resulted in similar milk yield and milk compo-
sition. A slight advantage in feed efficiency in favor of the treatment
with liquid supplementation is a possibility, but additional data would
be needed to substantiate this advantage. As a first test of a SynerMax-
based liquid supplement vs. solid concentrate in a dairy ration, the
present results indicate that this pharmaceutical coproduct has an
equal feed value on the DM basis. However, no synergistic effect of Syn-
erMax in an otherwise high-quality diet was confirmed under the
conditions of this experiment.

At present the following economic guideline can be offered: As of
September 2003, the cost of farm delivered SolubMax (a commercial
liquid feed similar to the SynerMax-molasses mixture tested in this ex-
periment), if paid for promptly, is $0.845 per US gallon, (approximately
4.54 kg). Assuming a DM content of 50%, the cost per kg DM is $0.37.
Therefore, a commercial solid concentrate of the same nutritive value
in the DM (assumed to be 90%) would have an equivalent price on the
dry basis if it sold for $0.33/kg, or $15.00 per 100 1b (the usual unit of
sale in Puerto Rico). Above this price the solid concentrate would be a
more expensive source of nutrients than SolubMax.
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