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AbStra Ct M et h Od S a n d M ate rl a I S Figure 2. Performance of yellow perch on a control diet with fishmeal (FM)

, , . , . . . . and alfalfa protein concentrate (ANC). Studies were done for 14 and 16
Alfalfa (Medicago SCZZ‘Z'\./CZ) Is a high b10m8..88 perennial leg1.11.116 that 1s grown Testing Five APC Extraction Metbods | weeks in 2017 and 2018, respectively. A, Feed intake rate as a percentage of
across the U.S. for use in animal feeds. Ylelq and composition of p.rotem * Plant material was homogenized in wat.elj with a blender and pulp hand body weight. B, Specific growth rate.
concentrates extracted from fresh alfalfa foliage were measured using five pressed through cheesecloth to extract juice.
methods of protein precipitation. The acid based methods resulted in the * Protein was precipitated in juice by: (1) heating to 80°C for 30 minutes, (2) A . B
highest yield and lowest fiber content, while heating resulted in a higher freezing at -15°C, (3) adding HC1 to pH 4.0 (4) adding HC1 to pH 4.0 at 4°, o
protein concentration. Heat treatment resulted 1n increased concentration of or (5) raising the pH of the juice to 10.0 with NaOH then lowering the pH to
limiting amino acids and lower sugar content compared to the other methods. 4.0 with HCI. ~
Using heat treatment total foliage yielded an average of 105 g protein * Protein was concentrated by centrifugation and dried at 43°C. §‘ _~
concentrate/kg dry matter. A commercial alfalfa protein concentrate was used * Compositional analysis and amino acid analysis were done by Minnesota = §‘
to replace fishmeal 1n diets for yellow perch (Perca flavescens) and rainbow Valley Testing Laboratory. % R
trout (Oncorhynchus mykiss). Yellow perch on the control diet had a higher 5 §
weight gain and growth rate but feed conversion ratios, fillet yield and fillet Yellow Perch Feeding Trials 3
composition was similar on both diets. For rainbow trout, there were no * Diets were formulated with 40% crude protein and 12% crude lipids with -
significant differences in growth performance or fillet composition by diet. APC replacing fishmeal 1n the test diet (Table 1). |
Thus, alfalfa protein concentrate had reasonable palatability as a fishmeal  Young of the year were housed in eight 600 L aluminum recirculation St eANG WEM Diet ¢ ANC = FM
replacement for yellow perch and rainbow trout. aquaponic tanks located within a greenhouse with four tanks receiving each . : - M I I | |
feed over 14 weeks. Sampling Week Y Samping Week 2 16
" Rainbow Trout Feeding Trial .. .
I n trOd u Ctl O n * Diets were formulated for 45% crude protein and 19% crude fat with APC ;l“abie S.Srtowth lp er.for?}aﬁ ce a?d fgll etlg(irfnposztl(.)n of yell(t?wtp eIX}; gnd rainbow
* Plant-based non-GMO sources of protein are needed for replacing fishmeal replacing 3 or 6% of the fishmeal 1n test diets (Table 1). rout on diets replacing fishmeal with alfalta protein concentrate ( )
in aquaculture diets. Most replacements in current use are derived from * Fingerlings were distributed in eight raceways with two raceways receiving .
seeds, and often contain undesirable anti-nutritional components. each feed over 12 weeks S APC Control ~ APC3  APC6

* Alfalfa is a high biomass perennial legume widely planted across the United Growth Performance Indexes

States. It 1s used to feed livestock due to 1ts high crude protein
concentration. Cultivation of alfalfa also has numerous environmental Initial Body Weight (g) 23.44a3 21.66b 56 51 55
benefits including protecting water quality and providing nectar for + Yield of APC was highest in the three acid coagulation methods with the Final Body Weight (g) N B T
pollinators. | o , freezing and heating methods yielding significantly less APC (Table 2). Weight Gain (%) 67.14a 54.67b 108.5 1223  112.7
. ﬁdfalfs lfl)mtelg cogcentre.l(tie (Aif) exté‘aclted froin. ]UlCln% al,i?lfa f(;)hage * Heating resulted in the highest crude protein concentration, followed by Specific Growth Rate (%/day) 0.46a  0.39% 0.79 0.86 0.81
f‘ﬁ . ;;E;te ; ?&noniziinpr?t lafl ;Itlrafﬁso COILlamISl Cflltr (t)« inam ) alit ) freezing and acidification methods. Condition Factor 1.10  1.08 1.21 1.22 1.18
OMEg y aclds, g Ve component 10T aquacuiiire * Because the total APC yield was highest with acidification, this method Survival (%) Q7 33 ND' ND ND

feeds. yielded the highest total amount of CP per kg starting dry matter. Feed Intake (% BW/day) 0.59b 0.653 0.69" 0.69 0.69

The goals of this study were to: . . .
* All coagulation methods resulted 1n a low fiber content in the APC : :
1. Measure yield and composition of APC from total alfalfa forage using roduc tgs Feed Conversion Ratio 1.67 1.99 0.82 0.91 0.89
p - Fillet Yield (%) 39.82  39.81 49.48  47.00 48.27

dlfferen.t extraction methods. » , * For yellow perch weight gain and growth rate was greatest with the control . .
2. Determine growth and composition of yellow perch and rainbow trout fed diet although fillet yield and composition was similar on both diets. Viscerosomatic Index 7.58b  8.13a 10.88 11.85  11.10

diets containing APC.  For rainbow trout there were no differences in growth performance of fillet Hepatosomatic Index 2.30 2.40 1.53 1.63 1.57
composition by diet. Fillet Proximate Composition
Table 1. Formulation of diets. Moisture (%) 78.86b  79.26a 7523 7416  75.37
Diet %CP %CL %DP %FM %APC %FO %SBM DE Table 2. Alfalfa protein concentrate (APC) yields and contents from five Crude Protein (%) 19.63 19.38 17.55 17.60  18.02
Yello (kcal/g) coagulation methods. Crude Fat (%) 0.16  0.14 494 589  4.96
w : 0 0 0 o/ FEi 0
oerch 404 120 368 150 00 63 150 4.08 Yield % Crude % Fat % Sugar % Fiber % Ash (%) 128 1.27 143 153 158
control (g/kg dry Protein Limiting Gross Energy (kcal/g) 1.04 1.03 1.42 1.55 1.46
Yellow matter) AA - . o ter e
oerch 40.1  12.0 36.7 00 18 4 513 15.0 4 02 Acid 1375a 458 90 20 bc 0.6 bc 53b Within a row and species, treatment means with differing letters are significantly
' ' ' ' ' ' ' ' ' ' ' | ' ' different (P<0.05).
APC . . .
: : T Not determined. Survival was not recorded by raceway and could not be determined
Rat::)z?W 390 190 346 150 00 80 160 415 Acid+ 1417a 453c 10.1abc 1.3cd 0.6cC 52b by diet. Overall survival was >98%.
control ' ' ' ' ' ' ' ' Base * Feed intake for rainbow trout was was averaged across all raceways.
. Cold 134.2a 455c 9.6 bc 2.1Db 0.7 abc 5.2 b
Rainbow Acid D - -
APC Freezing 108.8b 489b 111ab 38a 1.1ab 53b ISCUSSION
Rainbow * Heating the foliage extract produced the highest concentration of protein and
trout6% 394 189 349 109 6.0 3.0 16.0 4.15 Heating 105.0b 50.9a 114 g 11d 192 3 58 g limiting amino acids in the product.
APC * Slightly different product composition was obtained by different precipitation
CP: crude protein: CL: crude lipids: DP: digestib| tein: EM: fish - APC: Limiting AA is the sum of percent methionine, lysine, and threonine in the protein method.s. L. oo : Lo
- p » L, CIUAS TIpIds, P digestibie protein, . fishmeay, - concentrate.  Extraction of APC from reduced-lignin varieties did not result in higher
ﬂzl;‘;yprotem concentrate; FO: fish oll; SBM: soybean meal; DE: digestible Significant differences (P < 0.05; Tukey’s HSD) are indicated by different letters protein extraction compared to conventional varieties (data not shown).
| within columns. * Yields of APC were similar from total forage and leaves separated from total
forage on a dry matter basis (data not shown).
* APC was palatable by yellow perch and rainbow trout although weight gains
were highest in control diets with fishmeal for yellow perch.

Figure 1. Wet protein precipitates.
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Conclusions

* APC does not need to be produced from lower yielding immature foliage but
can be produced from foliage harvested at later maturities to maximize yields.

* Protein content, amino acid composition and concentration of fatty acids,
makes APC a viable component for aquaculture feeds, which will increase the
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