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Abstract

An experiment was conducted to test the hypothesis that Val from a spray dried L-Val fermentation biomass (Val-FB;

64.4% L-Val) has a bioavailability of 100% relative to Val from L-Val (98% L-Val) when fed to weanling pigs. A Val-deficient
basal diet containing 0.63% standardized ileal digestible (SID) Val was formulated. Six additional diets were prepared by
supplementing the basal diet with 0.08%, 0.17%, or 0.25% L-Val or 0.12%, 0.25%, or 0.37% Val-FB to create experimental diets
from both Val sources that contained 0.71%, 0.79%, or 0.87% SID Val. Two hundred twenty-four weaned pigs (6.87 + 0.64 kg
initial BW) were allotted to a randomized complete block design with 7 diets, 4 pigs per pen, and 8 replicate pens per diet.
Diets were fed for 20 d. At the conclusion of the experiment, a blood sample from 1 pig per pen was analyzed for blood
urea nitrogen (BUN) and plasma free AA. A linear regression model was used to estimate the relative bioavailability (RBV)
of Val in Val-FB relative to Val from L-Val. Results indicated that the final BW and ADG were greater (P < 0.01) for pigs fed
diets supplemented with Val-FB than pigs fed diets supplemented with L-Val. The ADFI decreased (linear, P < 0.01), whereas
G:F increased (linear, P < 0.01) by increasing inclusion of both Val sources in the diets. Regardless of source of dietary Val,
BUN values were reduced (linear and quadratic, P < 0.01) as the concentration of Val in the diet increased. Pigs fed diets
supplemented with L-Val had increased (linear and quadratic, P < 0.05) concentrations of Val and Arg in plasma, and plasma
concentrations of Ile, Leu, Lys, Ala, Cys, and Pro linearly increased (P < 0.05). There was also an increase (linear, P < 0.05) in
plasma concentrations of Ile, Leu, Met, Ala, Asp, Cys, and Pro as Val-FB was added to the diets, and the concentration of

Val in plasma increased (linear and quadratic, P < 0.05). Using L-Val as the standard, the RBV of Val in Val-FB as determined
by ADG, G:F, and final BW was 146%, 135%, and 143%, respectively, with 95% confidence intervals of 99% to 191%, 83% to
187%, and 70% to 217%, respectively. In conclusion, the linear regression estimated a RBV of at least 100% for Val in Val-FB
relative to Val from L-Val, and pigs fed diet supplemented with Val-FB had greater final BW, ADG, and G:F than pigs fed diets
supplemented with the same amount of Val from L-Val.
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Introduction

Increased availability of crystalline amino acids (AA) allows
for a reduction in the concentration of CP in diets for pigs.
Low-CP diets that are adequately fortified with crystalline AA
maintain optimal performance and protein deposition (Lordelo
et al, 2008). With advances in fermentation technology, the
cost of crystalline Val is now at a level that is often competitive
in diets for weanling pigs and it is believed that the ratio
between standardized ileal digestible (SID) Val and SID Lys that
maximizes growth performance is close to 70% (Barea et al.,
2009; NRC, 2012; Rostagno et al., 2017).

Feed-grade L-Val (98% purity) is currently available for the
feed industry and is the primary source of supplemental Val
in commercial diet for pigs. In the production of L-Val, valine-
producing bacteria are incubated with carbohydrates and
nitrogen in fermentation facilities, and conventional crystalline
L-Val is produced by harvesting L-Val from the fermentation
biomass at the conclusion of the fermentation period. An
alternative source of feed grade L-Val may be obtained by spray
drying the entire biomass from the L-Val production because
this biomass contains approximately 64.5% L-Val. However,
the relative bioavailability (RBV) by weanling pigs of Val in Val
fermentation biomass (Val-FB) has not been reported. Therefore,
the objective of this experiment was to test the hypothesis that
the RBV of Val in Val-FB fed to weanling pigs is at least 100% if Val
in crystalline L-Val is used as the standard.

Material and Methods

The protocol for the experiment was reviewed and approved
by the Institutional Animal Care and Use Committee at the
University of Illinois at Urbana — Champaign. Two sources of
Val were used. Both sources were provided by Evonik Nutrition

Table 1. Analyzed composition of ingredients (as-fed basis)*

& Care GmbH (Hanau, Germany) and the 2 sources included
crystalline feed-grade L-Val with 98% purity and Val-FB with a
concentration of 64.6% L-Val. Both sources of Val were produced
via fermentation using a strain of Corynebacterium glutamicum
that has been engineered for improved efficiency of Val
synthesis. The difference between the 2 sources of Val is that
L-Val is extracted from the fermentation biomass for producing
the standard crystalline L-Val, whereas Val-FB is produced by a
direct spray granulation of the fermentation broth with biomass,
which in addition to Val, also contains small quantities of other
AA and some residual carbohydrates. The final dried product is
in granular form.

Seven diets were formulated. Diets were based on corn,
distillers dried grains with solubles (DDGS), corn gluten
meal, lactose, and soybean meal (Table 1), and all diets were
formulated to contain 1.42% SID Lys. A Val-deficient basal diet
was formulated (0.63% SID Val; 44% SID Val:Lys ratio), which is
below the estimated requirement of 0.86% SID Val (NRC, 2012).
However, the diet was formulated to be adequate in all other
AA as suggested by NRC (2012). Three diets were formulated by
adding 0.08%, 0.17%, or 0.25% L-Val to the basal diet to provide
0.71%, 0.79%, or 0.87% SID Val (50%, 56%, and 61% SID Val:Lys
ratios, respectively) in these diets. Three additional diets were
formulated by adding 0.12%, 0.25%, or 0.37% Val-FB to the basal
diet to increase the quantity of SID Val to 0.71%, 0.79%, and
0.87%, respectively, which also corresponded to 50%, 56%, and
61% SID Val:Lys ratios, respectively (Tables 2 and 3).

Diets and ingredients were analyzed for DM (method
930.15; AOAC Int., 2007), CP (method 990.0; AOAC Int., 2007),
and for AA by ion-exchange chromatography with postcolumn
derivatization with ninhydrin (Llames and Fontaine, 1994;
Almeida et al., 2014a). Diets and ingredients were also analyzed
for GE using an isoperibol bomb calorimeter (Model 6400, Parr
Instruments, Moline, IL). All diets were formulated on the basis

Analyzed composition, % Corn Soybean meal Corn gluten meal DDGS? Val-FB?
DM, % 85.79 88.86 91.58 89.44 96.90
CP, % 6.84 47.53 63.99 29.27 67.50
GE, kcal/kg 3,779 4,217 5,069 4,365 5,053
Indispensable AA, %
Arg 0.29 3.44 1.92 1.26 0.59
His 0.20 1.22 1.25 0.79 0.35
Ile 0.24 2.18 2.56 1.07 0.60
Leu 0.84 3.66 10.64 3.32 0.87
Lys 0.20 2.92 1.10 0.82 1.01
Met 0.15 0.64 1.60 0.58 0.48
Phe 0.34 243 4.04 1.40 0.84
Thr 0.25 1.86 211 1.08 0.47
Trp 0.05 0.65 0.31 0.21 0.07
Val 0.33 2.27 2.90 1.40 64.6
Dispensable AA, %
Ala 0.51 2.05 5.60 2.07 3.47
Asp 0.45 5.42 3.75 1.87 1.10
Cys 0.15 0.65 1.15 1.12 0.08
Glu 1.24 8.61 13.95 4.86 1.94
Gly 0.27 2.00 1.81 1.14 0.80
Pro 0.58 2.34 5.99 2.36 0.56
Ser 0.33 2.38 3.27 1.369 0.39

Dry matter, GE, and CP in corn, soybean meal, corn gluten meal, and DDGS were analyzed at the University of Illinois, Urbana. All other
values were analyzed by Evonik Nutrition and Care GmbH (Hanau-Wolfgang, Germany).
2DDGS = distillers dried grains with solubles; Val-FB= Val-containing fermentation biomass product.
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Table 2. Ingredient composition of experimental diets, as-fed basis

Item Basal L-Val Val-FB
Supplemental Val, % 0.00 0.08 0.16 0.24 0.08 0.16 0.24
Ground corn 65.51 65.51 65.51 65.51 65.51 65.51 65.51
Distillers dried grains with solubles 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Corn gluten meal 9.96 9.96 9.96 9.96 9.96 9.96 9.96
Milk lactose 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Soybean meal, 47.5% CP 2.99 2.99 2.99 2.99 2.99 2.99 2.99
Monocalcium phosphate 1.71 1.71 1.71 1.71 1.71 1.71 1.71
Limestone 1.41 1.41 1.41 1.41 1.41 1.41 1.41
Salt 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Vitamin-mineral premix! 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Biolys (54.6% Lys) 1.96 1.96 1.96 1.96 1.96 1.96 1.96
DL- Methionine (99%) 0.30 0.30 0.30 0.30 0.30 0.30 0.30
L-Threonine (98%) 0.43 0.43 0.43 0.43 0.43 0.43 0.43
L-Tryptophan (99%) 0.23 0.23 0.23 0.23 0.23 0.23 0.23
L-Isoleucine (99%) 0.27 0.27 0.27 0.27 0.27 0.27 0.27
L-Histidine (99%) 0.13 0.13 0.13 0.13 0.13 0.13 0.13
L-Val (98%) - 0.08 0.17 0.25 - - -
Val-FB (64.6% L-Val) - - - - 0.12 0.25 0.37
Corn starch 0.40 0.32 0.23 0.15 0.28 0.15 0.03
Total, % 100.00 100.00 100.00 100.00 100.00 100.00 100.00

The vitamin-micromineral premix provided the following quantities of vitamins and micro minerals per kg of complete diet: vitamin
A as retinyl acetate, 11,136 IU; vitamin D, as cholecalciferol, 2,208 IU; vitamin E as , alpha tocopheryl acetate, 66 IU; vitamin K as menadione
dimethylprimidinol bisulfite, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; riboflavin, 6.59 mg; pyridoxine as pyridoxine hydrochloride,
0.24 mg; vitamin B, 0.03 mg; | pantothenic acid as | calcium pantothenate, 23.5 mg; niacin, 44.1 mg; folic acid, 1.59 mg; biotin, 0.44 mg;
Cu, 20 mg as copper sulfate and copper chloride; Fe, 126 mg as ferrous sulfate; I, 1.26 mg as ethylenediamine dihydriodide; Mn, 60.2 mg as
manganese sulfate; Se, 0.3 mg as sodium selenite and selenium yeast; and Zn, 125.1 mg as zinc sulfate.

Table 3. Analyzed composition of experimental diets, as-fed basis®

Item Basal L-Val Val-FB?
Supplemental Val, % 0.00 0.08 0.16 0.24 0.08 0.16 0.24
DM, % 89.31 89.36 89.38 89.45 89.34 89.44 89.46
CP, % 17.60 17.78 18.06 17.92 17.87 17.40 18.52
GE, keal/kg 3,865 3,887 3,875 3,898 3,827 3,906 3,837
Indispensable AA, %
Arg 0.67 0.67 0.66 0.69 0.70 0.67 0.70
His 0.50 0.49 0.50 0.51 0.51 0.46 0.50
Ile 0.79 0.81 0.82 0.83 0.83 0.82 0.84
Leu 1.87 1.87 1.88 1.98 1.95 1.81 1.96
Lys 1.50 1.55 1.34 1.46 1.52 1.35 1.49
Met 0.60 0.60 0.65 0.65 0.62 0.65 0.65
Phe 0.82 0.81 0.82 0.86 0.85 0.79 0.87
Thr 0.95 0.98 0.95 0.96 0.97 0.95 0.92
Trp 0.32 0.33 0.34 0.32 0.32 0.38 0.34
Val 0.70 0.79 0.88 0.98 0.80 0.85 0.96
Dispensable AA, %
Ala 1.09 1.10 1.10 1.15 1.14 1.08 1.16
Asp 1.07 1.08 1.07 1.13 1.12 1.06 1.14
Cys 0.26 0.27 0.26 0.28 0.27 0.26 0.27
Glu 2.84 2.85 2.85 2.99 2.97 2.77 2.99
Gly 0.53 0.54 0.53 0.55 0.55 0.53 0.56
Pro 1.09 1.14 1.10 1.13 1.18 1.08 1.17
Ser 0.74 0.73 0.74 0.77 0.76 0.72 0.78

Dry matter, GE, and CP were analyzed at the University of Illinois, Urbana, but all AA were analyzed by Evonik Nutrition and Care GmbH
(Hanau-Wolfgang, Germany).
?Val-FB = Val-containing fermentation biomass product.

of NE and analyzed AA concentrations in the ingredients and A total of 224 weanling pigs that were the offspring of PIC
the average SID of AA in ingredients (AMINODat® 5.0. Platinum line 359 boars mated to Camborough females (Pig Improvement
version, 2016). All experimental diets were fed to pigs for 20 d. Company, Hendersonville, TN) were used. On day 7 postweaning,
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when pigs had an initial BW of 6.87 + 0.64 kg, they were allotted
to a randomized complete block design with BW as the blocking
factor. There were 7 diets and 8 replicate pens per diet for a total
of 56 pens. Four pigs (2 males and 2 females) were housed in each
pen. Individual pig weights were recorded at the beginning (day
0) and at the conclusion (day 21) of the experiment and daily feed
allotments were also recorded. The quantities of feed left in the
feeders were recorded at the conclusion of the experiment and
data for average daily gain (ADG), average daily feed intake (ADFI),
and gain to feed ratio (G:F) for each diet were calculated based on
the recorded pig weights and data for feed disappearance. On
the last day of the experiment, a blood sample from one barrow
in each pen was collected from the jugular vein in heparin-
containing tubes. Blood samples were centrifuged at 1,500 x g
at 4 °C for 15 min and 2 mL of plasma were transferred to 2-mL
tubes and lyophilized. Serum samples were assayed for blood
urea nitrogen (BUN) using a Beckman Coulter Clinical Chemistry
AU analyzer (Beckman Coulter, Inc., Brea, CA). Concentrations
of plasma free AA in blood plasma were determined by ion
exchange chromatography using a Biochrom 20 amino acid
analyzer lithium column and lithium buffers.

Statistical Analysis

Normality of data was verified and outliers were identified
using the UNIVARIATE procedure in SAS. Data were analyzed
using the PROC MIXED procedure in SAS (SAS Inst. Inc., Cary,
NC) with the experimental unit being the pen. The fixed effects
of the model was supplemental Val and the random effect was
block. The LSMEANS procedure was used to calculate mean
values for treatment. Orthogonal-polynomial contrasts were
used to determine linear and quadratic effects of L-Val or
Val-FB levels on response criteria. A contrast statement was
also used to compare effects of the 2 sources of Val on response
criteria. Using the GLM procedure in SAS, a multivariate linear
regression model based on ADG, G:F, or final BW (overall
treatment replicates) data was used to determine the RBV of Val
in Val-FB using Val in L-Val as the standard (Littell et al., 1997).
The following linear equation was used:

y=a +b1X1 + bzXz,

where y is growth performance variables (ADG, G:F, and final
BW), a is the common intercept, b, is the slope of L-Val, x, is the
supplemental amount of L-Val, b, is the slope of Val-FB, and x,
is the supplemental amount of Val-FB. The RBV in Val-FB using
L-Val as the standard were calculated by the ratio of their linear
slopes [100 x (b,/b))]. The confidence intervals for the true RBV
value were obtained using the RBV estimate and the estimated
margin of error according to Littell et al. (1997). Differences in
LSMEANS were considered significant at P < 0.05, whereas 0.05 <
P < 0.10 was considered a tendency.

Results

Addition of either L-Val or Val-FB to the basal diet increased
(linear and quadratic, P < 0.01) ADG, G:F, and final BW, whereas
ADFI decreased linearly (P < 0.01) as both Val sources were
added to the diets (Table 4). Final BW and ADG were also greater
(P < 0.01) for pigs fed diets supplemented with Val-FB compared
with pigs fed diets supplemented with L-Val.

Blood urea nitrogen concentration was reduced (linear and
quadratic, P < 0.01) as L-Val or Val-FB was added to the basal
diet, but there was no difference in BUN between the 2 sources
of supplemental Val (Table 5). There was a tendency for plasma

Table 4. Growth performance of pigs fed a Val-deficient basal diet or diets containing increasing Val from L-Val or Val-FB!

P-value

Val-FB

L-Val

Pooled SEM

Val-FB?

L-Val

Basal diet

Item

L-Val vs. Val-FB

Quadratic Linear Quadratic

Linear

0.16 0.24 0.08 0.16 0.24

0.08

Added Val, %

6.90
12.18

264
396

6.83
11.64

241
408

6.85
10.14

165
458

6.87
11.41

227
386

6.87
10.98

6.88

9.94
206
416

153
417

6.89

Initial BW, kg
Final BW, kg

ADG, g

<0.01

<0.01
0.52
0.23

0.03
0.01
0.69
0.06

<0.01
<0.01

0.05
0.04
0.42
0.03

<0.01
<0.01

0.01
<0.01

0.42
12.85
30.02

8.71

91
491

<0.01
<0.01

ADFL, g
G:F

0.55 0.56 0.37 0.61 0.64 0.04

0.38

0.19

'Results represent data from 224 weanling pigs allotted to 7 diets with 8 replicate pens per diets and 4 pigs per pen. Pigs were fed experimental diets for 20 d. Each least squares mean

represents 8 observations, except for the diets with 0.16 or 0.24 L-Val, or 0.24 L-Val-FB, which had 7 observations.

L-Val with fermentation biomass.

2Val-FB
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concentrations of Met and Tyr to be greater (P = 0.06) for pigs fed
diets supplemented with Val-FB compared with pigs fed diets
supplemented with L-Val, but for all other AA, no differences
between the 2 sources of Val were observed. Feeding diets with
increasing concentrations of L-Val resulted in increased (linear
and quadratic, P < 0.05) concentration of Arg in plasma, and
the concentration of Val in plasma also increased (linear and
quadratic, P < 0.01). There was also an increase (linear, P < 0.05)
in plasma concentrations of Ile, Leu, Lys, Ala, Cys, and Pro,
but a tendency (quadratic, P = 0.08) for a reduction in plasma
concentration of His as Val from L-Val increased in the diets.
A tendency for increased (linear, P < 0.10), plasma concentrations
of Met, Asp, and total AA and a tendency for reduced (linear,
P = 0.07) concentration of Gly were also observed as dietary Val
from L-Val increased.

Pigs fed diets supplemented with Val-FB had reduced (linear,
P < 0.05) concentrations of Arg and Gly in plasma, but increased
(linear, P < 0.05) concentrations of Ile, Leu, Met, Ala, Asp, Cys,
and Pro as Val-FB inclusion in diets increased. The concentration
of Val in plasma was also increased (linear and quadratic,
P < 0.05) by increasing Val-FB in the diets. There was a tendency
for increased concentrations of Thr (quadratic, P = 0.06) and
Glu (linear, P = 0.08) in the plasma of pigs fed diets containing
increased concentrations of Val-FB.

The RBV of Val in Val-FB as determined by a linear slope
ratio regression based on ADG, G:F, or final BW as response
criteria was 146%, 135%, and 143%, respectively, compared with
the standard L-Val (Figures 1-3). The 95% confidence intervals
of the RBV were 99% to 191%, 83% to 187%, and 70% to 217%,
respectively, for ADG, G:F, and final BW.

Discussion

In corn-soybean meal diets fed to growing pigs, Val is the fifth-
limiting AA (Figueroa et al., 2003) and most research with
branched-chain AA has been conducted with Val or Ile (Kidd
et al.,, 2013). Unlike other AA, most deamination of branced
chain AA occurs in skeletal muscle because the enzyme needed
to deaminate AA, branced chain AA transferase, primarily is
located in skeletal muscle (Shimomura et al., 2006). The optimal
SID ValLys ratio for weaned pigs has been estimated to be
between 63% and 70% (Wiltafsky et al., 2009; Barea et al., 2009;
NRC, 2012; Rostagno et al., 2017), but the risk of pigs developing
diarrhea is reduced if low-CP diets are used (Ngrgaard et al.,
2012). Formulating low-CP diets often makes it necessary
to include crystalline AA in the diet, and by supplementing

300 ADG= 126 + 409.93x, + 597.52x,
R2=0.67

®L-Val
AVal-FB
100 =
Relative bioavailability:
50 L-Val =100% M Basal diet
Val-FB = 146%
0 (95% Confidence limits: 99 to 191%)
0.0 0.1 0.2 0.3

Supplemental Valine level, %

Figure 1. Bioavailability of Val in Val-FB relative to Val in L-Val using ADG as the
response criteria. The SEM was 22.92.

diets with crystalline AA, it is possible to maintain animal
growth performance in pigs fed diet with reduced CP (Lordelo
et al,, 2008). There is, therefore, increased interest in feeding
low-CP diets to pigs, which has increased the need for adding
supplemental Val to the diets.

Commercial production of L-Val has increased using large-
scale fermentation technologies. Industrial production of L-Val
may be accomplished using a number of microorganisms in
the fermentation process, including Bacillus, Serratia marcescens,
Brevibacterium flavum, and Corynebacterium glutamicum (Wang
et al, 2018). At the conclusion of fermentation, crystalline
L-Val is extracted from the fermentation biomass, and the
fermentation biomass is a waste product. However, if the entire
biomass is spray dried, a Val-rich feed ingredient is generated
without having to extract and purify L-Val to crystalline L-Val.
Therefore, Val-FB is produced by a direct spray granulation of
the fermentation broth with biomass without prior evaporation
due to the high viscosity of the broth. The final product, which
is not commercially available yet, is in granulate form with a
brownish color.

The concentration of digestible Lys in dried fermentation
biomass from Lys production is greater than in other protein
sources, which indicates that the biomass from Lys production
retained some Lys after the purification step in L-Lys production
(Sulabo et al., 2013). Likewise, Thr biomass is a rich source
of digestible Thr and Thr biomass has a greater SID of all
indispensable AA compared with fish meal (Almeida et al.,
2014b). However, in the previous research, only the Lys or Thr left
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Figure 2. Bioavailability of Val in Val-FB relative to Val in L-Val using G:F as the
response criteria. The SEM was 25.86.
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Figure 3. Bioavailability of Val in Val-FB relative to Val in L-Val using final BW as
the response criteria. The SEM was 36.77.
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in the biomass after extraction of L-Lys or L-Thr was included
in the dried biomass product. In this case, the entire biomass
that included all produced L-Val was dried and used, which is
the reason a biomass product with 64.5% L-Val was generated.

Although the RBV of Val in Val-FB as determined by ADG,
G:F, or final BW compared with L-Val was 146%, 135%, and
143%, respectively, the 95% confidence intervals reached 100%
regardless of which response variable was used. This indicates
that Val from Val-FB was at least as bioavailable as that of Val
from L-Val. The relative wide confidence intervals that were
calculated for the slopes representing the RBV of Val illustrates
the wide variability among pens, but this observation is in
agreement with results from other studies that evaluated the
RBV of L-Met (Htoo and Morales, 2016) or the RBV of L-Lys (Htoo
et al,, 2016). Nevertheless, it was expected that the RBV of Val in
Val-FB relative to L-Val was 100% because the same source of Val
was present in both ingredients, and the present data confirmed
this hypothesis.

The greater final BW and ADG of pigs fed Val-FB compared
with pigs fed L-Val may be a result of the presence of
components other than Val in the biomass. The Val-FB contains
approximately 13.6% additional indispensable and dispensable
AA and these AA were disregarded in diet formulation, but
because all AA other than Val in all diets were included to
meet NRC requirements, it is unlikely that the additional
AA influenced growth performance of the pigs. However, it is
possible that the biomass contained beneficial nutrients other
than AA from fermentation, which resulted in the increased
ADG (Sulabo et al., 2013).

The decrease in ADFI in pigs fed either source of Val may be a
result of pigs fed the Val-deficient basal diet tried to compensate
for the Val deficiency by increasing feed intake, but as Val
concentration in the diets increased the need for the increased
feed intake was reduced. The increased ADG and G:F that were
observed as Val in the diets increased was expected, because
this is usually observed if a deficiency of a dietary nutrient is
ameliorated. An increase in ADG and G:F was also reported as a
result of adding L-Thr to a Thr-deficient diet (Zhang et al., 2013).

The decrease in BUN that was observed as Val increased
in the diets is a classical response to a reduced deficiency
of an AA because BUN concentrations are elevated if one or
more AA are deficient in a diet (Zhang et al., 2013). Blood urea
nitrogen reflects the metabolic status of AA in the animal
and a decrease in BUN is usually a result of increased protein
synthesis (Zhang et al., 2013). The reduction in BUN that was
observed as dietary Val increased is, therefore, an indication
of increased protein synthesis as a result of increased Val in
the diets. This result concurs with data from an experiment
evaluating SID Ile:Lys ratios in growing pigs where BUN values
also were reduced as more Ile was added to an Ile-deficient
diet (Htoo et al., 2014).

The increased Val concentration in plasma that was
observed as Val increased in the diets was expected. This result
is in agreement with published data (Wiltafsky et al., 2010;
Xu et al, 2018) and indicates that the additional Val that was
provided from both sources of Val was efficiently absorbed from
the gastrointestinal tract (Xu et al., 2018). In addition to Val, the
concentrations of some other AA were also increased in plasma,
which may be a result of increased protein synthesis as dietary
Val increased, because increased protein synthesis may have
required greater transportation of AA from the liver to skeletal
muscle and other tissues. The increase in plasma concentrations
of AA corresponded with the improvement in ADG and G:F and
the reduced BUN that were observed as dietary Val increased.
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In conclusion, Val-FB can be used as a source of Val in diets
for pigs. Using ADG, G:F, or final BW as the response criteria,
the linear regression estimated a RBV of at least 100% for Val in
Val-FB relative to Val in L-Val. Pigs fed the diets supplemented
with Val-FB had greater ADG and final BW than pigs fed diets
supplemented with the same amount of L-Val, which may be a
result of the presence of other nutrients in Val-FB.
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