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l. Definitions of Amino Acids, Peptides, and Protein




AR FLSE

Chemical Configurations of Amino Acids

CHO COOH
HD—C_I':-—H HEN—CI;—H
(_l':H >OH Ié
L-Glyceraldehyde L-Amino Acid
L-HmE -2 &R
CHO (IJCJC)H
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CH5OH R
D-Glyceraldehyde D-Amino Acid
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Peptides Consisting of AminoAcids
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IRBU9ZE Classification of Peptides
INEBE : <1057E88 Small oligopeptide: < 10 amino acids
AERL : 10~207 888 Large oligopeptide: 10 to 20 amino acids
ZhE : >205HES Polypeptide: > 20 amino acids
EHE - RA3D4EESEK

Protein: Polypeptide with 3-dimentional structure

SHENSRENSREEZECIINNFE. —BFR, —1'F
B D FEAMET8000 &R ( BIALF 29 REE) .

The dividing line between proteins and polypeptides is usually their
molecular weight. Generally speaking, a polypeptide has a molecular
weight of = 8,000 Daltons (i.e.,= 72 amino acids).

Kyte J. Structure in Protein Chemistry, 2" ed. Garland Science, New York. 2006



HN- M1 AR~ AAB'"AA -COOH EAEA—RENE Primary protein structure
(BIAPHRESEEIRFS] ) (sequence of aminoacids in

a polypeptide)
m EHEN— RS
(B PHSESENSEE )

a-Helix 3-Sheet Secondary proteinstructure

-2 B-ir= (linkage of amino acids within strands ofa
\1/ polypeptide by hydrogen bonds)

SRS
BRREH S EEHBRERNES ; SEERS)

Tertiary protein structure
) (attractions between the a-helices and B-sheets
o —ANFEE of apolypeptide; protein folding)
POne or more

polypeptides  FEpE YIRS
(BEEEPRAESHRRIZEHES )
Quaternary protein structure
(spatial arrangements among
different polypeptides of a protein)




Separation of Proteins from Peptides and Free AminoAcids (AAs)

73 v AR B 2 2 R ) 2 1

1. Trichloroacetic acid (TCA; the final concentration of 5%)

=R (TCA; HmAWKREAN5%)
2. Perchloric acid (PCA; the final concentration of 0.2 M)
AR (OCA; mEAWREHNO.2M)

ion of_sc_!%}.-
2 CREREENS0%) Solution ###
Ik 8 2 S 20 e
Peptide & free AAs : LB

Protein Qgci pitate V = @ E i

Kyte J. Structure in Protein Chemistry, 2" ed. Garland Science, New York. 2006
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Il. Industrial Production of Protein Hydrolysates



SHARFFENRE

Raw Materials of Protein Sources

HYER - BER 25, e, B

Animal protein: Casein, whey, intestine, and meat

EYER : X2, ME | KiEHRFER
Plant protein: Soy, wheat, rice, pea, and cottonseed
proteins

ERRKENGE - SR8, NEY) |, BaskiR

Methods of protein hydrolysis: Proteases,
Microorganisms, Acids, or Bases



I REiE R AYZERRK  Proteins in animal products or plant feedstuffs

| 7K (FE2IR ) Water (free of any contamination)

1825 Solubilization

TEAPpH , iRE , AdjustpH, temperature

= I E I N and ion concentration
YIFES] and reactor pressure

{¥=KER (AnHCI=EENaOH ) Chemical hydrolysis (e.g., HCI or NaOH)
BESE (NEEENEEEEHES ) Enzymatic hydrolysis (e.g., trypsin or
pepsin)

YR (QnéREE |, EESBES ) Microbial hydrolysis (e.g.,

¢ bacteria, fungi or yeast)

Controlled hydrolysis for a specific period oftime (e.g., 4 to 48 h)

e IR
A7k (4204~48hr )

#2|F7Kf# Terminate hydrolysis

Pasupuleki VK, Braun S.

IEEEE (£=7KEE ) Reducing temperature (chemical hydrolysis)
FHEEE ( BEREaRA/KER ) Increasing temperature (enzymatic or
micrabial hydrolysis)

| ¥&¥pH  Adjust pH

g, BOMSE
Filtration, centrifugation, and separation

¥

State of the art manufacturing Ak Peptides

of protein hydrolysates. 2010.

BEFERRE , B, BETENEE

Pasteurization, evaporation, spray-drying and packaging

&Yl pES Products for animal feeding



IKBEE Degree of Hydrolysis
IKEEE - BRI SRR R EPRIAEE S,

Degree of hydrolysis: the number of peptide bonds cleaved,
divided by the total number of peptide bonds in a protein.

ERZIAERIENE R RSB ERAIE RN LA FTCAR
PCARIRRRIEE/RE,

Number of peptide bonds cleaved: the moles of free aminoacids
and plus the moles of TCA-or PCA-soluble peptides (non-protein
smalland large peptides).

Pasupuleki VK, Braun §. State of the art manufacturing of protein hydrolysates. 2010.



Kf#EE Degree of Hydrolysis

FEoRERAIELhl (%) = (IFESEERNSEE/BERRP
MREESEL ) x 100%

Percentage of AAs in the free form (%) = (Total free
AAs/Total AAs in protein) x 100%

AAPRVEBRRILLRY (% ) = (IARRERERNESE. ERRP
AEEANSE ) x 100%

Percentage of AAs in peptides (%) = (Total AAs in
peptides/Total AAs in protein)x 100%

FEEL AAs = amino acids

Pasupuleki VK, Braun S. State of the art manufacturing of protein hydrolysates. 2010.



SHHRKEEARFH Products of Protein Hydrolysis
=) FRREER , K, PARKER

Products: free amino acids, small peptides, and large
peptides.

SCWEE  EAERNERIE 2 Affecting factors: Sources of proteins
KEE Quality of water
FERHEBAIFNZE Type of proteases

HHEYIRIFRZE Species of microbes
yaLiiva)

Methods of analysis: S¥/EHGIES HPLC
[EigiE Mass spectrometry
BFHAMEIEE lon-exchange chromatography

Pasupuleki VK, Braun S. State of the art manufacturing of protein hydrolysates. 2010.



EHHAYERKER Acid Hydrolysis of Protein

5={%: 6 M HCI, 110°C, 2~6hr Conditions: 6 M HCI, 110°C, 2 to 6 hours.

ERBR : FFIEEF (AW~ m  WKEEYSEH )

Main purpose: Produce flavor enhancers (e.qg., flavoring products, such as
hydrolyzed vegetable protein).

{2 : BkFE  Advantage: low cost.

SiL . aEE : 2RI Disadvantages: Tryptophan: complete destruction.
SOE : ZBfinEEX Methionine: partial loss.
B8k : RS8R E  Glutamine: conversion to glutamate

REERE: : 25Uk REEE Asparagine: conversion to aspartate
SEER SR Strong acid conditions



EREEKEE  Alkaline Hydrolysis of Protein
FUF - R MSEES S| ASF\WHE (24 M, 55°C, 4~8hr)

Conditions: Alkaline agents, such as calcium, sodium, or
potassium hydroxide (e.g., 4 M); 55 °C, 4 to 8 h)

FEEHY : 28X (MHPEREHR)

Main purpose: foaming agents (e.g., substitutes for egg proteins)

% : P BMIE ; TEJ|ERIRAE Advantages: low cost; no loss of tryptophan

S AZSHEFEES | T2IRIT ; pisadvantages: Mostamino acids: complete destruction:
RSFEE : HEFK Many amino acids: partial loss

sl Strong alkaline condition



SHEAVEERE Enzymatic Hydrolysis. of Protein
4 : ZERHEE Conditions: Proteases
FEFIINERES (155125 ) : K88, REQEE , SEQEE , REIEIIEES

Proteases of animal sources (particularly pigs): pancreatin, trypsin,
pepsin, carboxylpeptidases and aminopeptidases

FETEVNERDSE - ANEQBEZEHE

Proteases of plant sources: papain and bromelain

RETFARHERENEREN : RS/MAESHIRIES

Proteases of bacterial and fungal sources: numerous
exopeptidases and endopeptidases

(WHESELOE - NARINERREERSESBELNERNESY )
(e.g., Pronase: a mixture of protease isolated from the
extracellular fluid of Streptomyces griseus)

Pasupuleki VK, Braun S. State of the art manufacturing of protein hydrolysates. 2010.



EBERIEBEE Enzymatic Hydrolysis of Protein

a9 : FEZSMEYLETEER

Purpose: Produce various biologically active peptides

N : B, &8/ , TRERRE | #ERESEEARKEY
Advantages: specific, mild conditions, no loss of amino acids,
and easy to isolate protein hydrolysates

5% : A ENERE | EREEPE EFE R
Disadvantages: relatively high cost; the potential presence
of enzyme inhibitors in the raw protein materials



Cleavage of Specific Peptide Bonds by Some Proteases
H—EEHES BT EIREE

ENDOPEPTIDASES : elastase trypsin chymotrypsin

EXOPEPTIDASES: Carboxy - A

|
I
HMEKES f %
NHZ @ y Nsz
NH, Arg NH, s— COOH
NH,, s— C 0 OH } NHz—@
NH

¢ —— COOH NH, s COOH
Leu Arq
ol =R

Wu G. Amino Acids: Biochemistry and Nutrition. 2013



FEARBMNEYKEE Microbial Hydrolysis of Protein
WEREE . E/KDARBRETKBHNERREY

Liguid-state fermentation: Hydrolysis of protein substrates under
high-moisture conditions fermentation

EE&EE : EEKDRESH FKENERERY

Solid-state fermentation: Hydrolysis of protein substrates under
low-mois " tati lition.

(%] tn)An example :

=il - BiRTFATRE_IHEhPE
Soy sauce: originated in China in the 2nd century AD.

FifEl  AET , g, 3K, KEE , ISH8E (HEEN—/)
Raw materials: boiled soybeans, roasted grain, brine, and
Aspergillus oryzae or Aspergillus sojae (a genus of fungus)




A ERRKEFRIGED IR

Microbial Species Used for Protein Hydrolysis

EEESER Plant-source proteins:
Lactobacillus rhamnosus BGT10 and Lactobacillus zeae

LMG17315 for pea proteins; Bacillus natto or B. subtilis
for soybean; fungi A. oryzae or R. oryzae for soybean.

hiiEESER Animal-source proteins:
ABHE , NFTFEFIEEE Lactic acid bacteria, such as

Lactobacillus and Lactococcus species

Dieterich etal. J Dairy Vet Anim Res. 2014;1:00012;
Li-Chan. CurrOpin Food Sci. 2015;1:28-37



BFERRKFEMEDTSR

Microbial Species Used for Protein Hydrolysis

L% : H4EH ; BEARSBRAK | ANEREHPISHEREFEF
Advantages: mild conditions; Break down proteins into peptides, while
removing hyper-allergic or anti-nutritional factors in ingredients

(MERFRESER , XSKER | B-HFASIXER | 58 | FrEtmFEi
KoHg , AEE)

(e.g., trypsin inhibitors, glycinin, B-conglycinin, phytate, oligosaccharides
raffinose and stachyose, saponins in soybeans).

5% : APENERS | TS TOEREDET | BRI ERA—F.

Disadvantages: Relatively high costs; changes in microbial activity under
various conditions; therefore, inconsistency in the production of peptides.



. 2B FRZKEF PRI £ 5 K

Bioactive Peptides in Protein Hydrolysates



EVIEIEAR  Bioactive Peptides
EYNEEEL - ERRREREFIINRE  RHEFNMEINAEHEERIN,

Bioactive peptides: fragments of amino acid (AA) sequences in a protein that
confer biological functions beyond their nutritional value.

DIgE : A . mME . MSIE . LIREEET.

Functions: antimicrobial, antioxidant, antihypertensive,and immunomodulatory.

KE : BE2~200"88E , 53 >200 888
Length: usually 2-20 AA, but some > 20 AA

—REN - SERSNEVEEEE  HPhEISaE | MaE , RS
Common structure: high abundance of hydrophobic amino acids, as well as the presence
of Arg, Lys, and Pro

Dieterich et al. J Dairy Vet Anim Res. 2014;1:00012;
Li-Chan. Curr Opin Food Sci. 2015;1:28-37



VAR N7 R R R RS

Transport of Small Peptides in the Small-Intestinal Epithelium

Apical and basolateral membranes
are chemically, biochemically,
1 physically, and functionally distinct.

Apical Basolateral membrane
membrane

—
ot Tight junction

N bl o
TR~ ) o TREHERIMURERY , £, £EN
Aﬁn% ﬁﬁé Al () HELBFEER.
acids Al (no RER
f acids (9-85%) (5~85%)

A Special 57K
&) _peptideapica___

membrane

e

Small As amino acids
peptides 2 RS
1R = °. e 1% Dipeptides and tripeptides are
N : . A trat_'lspurt_edby enterocytes faster than free
Lumen Basement membiane Capiffary =000 amino acids.
N5 L RS E — BAF = RRRYIE
mainly in the jejunum v T T
(maiply s num) BTN ERERR




Peptide Transporter 1 (PEPT1) on the apical membrane
(H*-Driven Transporter) ’ /'

Eiﬁ_l:ﬂgltﬁﬁ 1(PEPT1),

a
(|

i:ilxl

3 Lifit}



NAERRESEES 1512 ( PEPT1FIPEPT2)
Peptide Transporters 1 and 2 (PEPT1.and PEPT2)
In the Small Intestine

PEPT1 ii -/ \ZRITEE |

PEPT1 is localized on the apical membrane of the small Intestine.

BT IREEZECTENE

Another peptide transporter is located on the basolateral membrane.

— BI?Od (basolateral) (EEIMU )

Gly | ey Se1osal side I REM|

Hﬁ@ﬁ :l %ﬁ@ P epT

. PepT1
C) Gly-Leu ucc:-salj P ()




BYMBLARRIEZINEIZEE ( PEPT2 )

Major Peptide Transporterin Extra-Intestinal Tissues (PEPT2)

MAZMA: FETFRPNAREERE ( SEHEEKEER) .
XL ZWIKHRBBIMALERIPePT23%iE, Blood containssmall peptides derived from diets

and endogenous sources (synthesis and proteolysis). These small peptides are taken up by
extra-intestinal tissuesthrough peptide transporter-2 (PePT2).

Nutrition EF
Z5heE4R Extra-intestinal tissues

\PePTZ Physiology 43E

2 Diet > Smallpeptides in blood MA&EYIER

Synthesis SB{EB
Proteolysis SHEKEER

Tissues HHEA



Presence of Small Peptides in Animals

PR ANBRRY 5340
Common name &g  Composition #Hpk Storage in major tissue
— FEDHHIER

Dipeptides —BK

| \ o EERANFIAR o
Anserine ESALAK B-Alanyl-L-1-Methylhistidine Skeletal muscle and brain (Birds)
Balenine ERALAK  B-Alanyl-L-3-Methylhistidine Skeletal muscle and brain
Carcinine AlLELEEZ B-Alanyl-Histamine Brain and heart of vertebrates
Carnosine ANEL  B-Alanyl-L-Histidine Skeletal muscle and brain
Homocarnosine =gk Y-Aminobutyryl-L-Histidine Brain
Homoanserine SHEALAK y-Aminobutyryl-L-1-Methylhistidine  Brain of vertebrates 35 HE V7 i) i
Tripeptides  =HK
Glutathione Bt H K y-Glu-Cys-Gly Cells, bile acid, pancreatic juice

& uterine fluid #k , BB , BERHFSik

Collagen peptide Gly-Pro-Hydroxyproline Milk and plasma ##1003%

BRECR sy R IR R S B



ACE-# !l fK it Tl A 7
Industrial Production of ACE-inhibitory Peptides
MERKFELEIRE ACE = angiotensin-l converting enzyme

EEFIER BEARNERESKAEE) Derived from mill proteins (hydrolysis of papain)

lle-Pro-Pro (IPP) and Val-Pro-Pro (VPP)
EKEFIZER (#EEEBEEIKER ) Derived from por¢ine meat (hydrolysis by pepsin)
lle-Thr-Thr-Asn-Pro
Lys-Arg-Val-lle-Thr-Tyr
Val-Lys-Arg-Gly-Phe
Lys-Arg-Gin-Lys-Tyr-Asp-lle
Lys-Leu-Pro
Arg-Pro-Arg

(KETFEHEE ( %ﬁ%ﬁﬁﬁﬁ?ﬁﬁg ) Derived from egg yolk (hydrolysis by pepsin)

Tyr-lle-Glu-Ala-Val-As n-Lys-Val-Ser-Pro-Arg-Ala-Gly-Gin-Phe
Tyr-lle-Asn-GIn-Met-Pro-Gin-Lys-Ser-Arg-Glu

Power et al. Amino Acids. 2013;44:797-820; Ryderetal. Food Chem. 2016;208:42-50.



] Plasma —,

us MEZKEF
Angiotensinogen *—
— t Renin—
sodium

IEA4! ' R Anglotensm 1 s |
MEFRKEFEERE ACE

#MEI% Inhibitors —("')—’@gu:}tensm | f e Rk |

t Aldosterone =" Adrenal gland 5.5

4 Renal reabsorption < — Urinary excretion
EﬂEijglg#SﬂOdium ang water - of sodium and water
HHEXS FRAEHE I AYEAFN2K
IKRYEE MRS Blood 4 f

pressure
11123



=l AT LS

Industrial Production of Antioxidative Pepfides

EEFEER (EEEREE/KAER ) Derived from milk proteins (hydrolysis by trypsin)

Tyr-Phe-Tyr-Pro-Glu-Leu
Phe-Tyr-Pro-Glu-Leu
Tyr-Pro-Glu-Leu
Pro-Glu-Leu

Glu-Leu

RETHER (BANSEE+IEEISEKE )

Derived from porcine meat (hydrolysis by papain + Actinase E)
Asp-Ser-Gly-Val-Thr

lle-Glu-Ala-Glu-Gly-Glu

Asp-Ala-Gin-Glu-Lys-Leu-Glu

Glu-Glu-Leu-Asp-Asn-Ala-Leu-Asn
Val-Pro-Ser-lle-Asp-Asp-GIn-Glu-Glu-Leu-Met

*ﬂﬁ}ﬁﬁ ( = EEEE?J(ﬁE ) Derived from egg yolk (hydrolysis by pepsin)

Tyr-lle-Glu-Ala-Val-Asn-Lys-Val-Ser-Pro-Arg-Ala-Gly-Gin-Phe
Tyr-lle-Asn-Gin-Met-Pro-Gln-Lys-Ser-Arg-Glu

Poweret al. Amino Acids. 2013;44:797-820; Ryderetal. Food Chem. 2016;208:42-50.



BEERERAYEAL BRI EN RAEBSRHEN AR
Oxidation of Lipid AA synthesis Heat

fattyatcids peroxidation and oxidation str)ess

I‘ - Small peptides bk
Oxidants £t CniEiEs)
(e.g., Reactive Oxygen Species)

(+) .
Small peptides /Mt

Removal of oxidants

(enzymes, scavenging, and anti-inflammatory proteins)
KEREAH
(B, B, MBREAD



B TIEF=

Industrial Production of Antimicrobial Peptides

FETHE (EANERES+HIEREBBEKE )

Derived from bovine meat (hydrolysis by papain + Actinase E)
Gly-Leu-Ser-Asp-Gly-Glu-Trp-Gin

Inhibits both gram-positive bacteria (Bacillus cereus and Listeria monocytogenes)
and gram-negative bacteria (Salmonella typhimurium and Escherichia coli)

MEIE=FCPAYE (Bacillus cereus and Listeria monocytogenes)
HE=KIEEE (Salmonella typhimurium and Escherichia coli)

KETFES (BANEOENESEEKE )

Derived from egg yolk (hydrelysis by papain and trypsin)
Asn-Thr-Asp-Gly-Ser-Thr-Asp-Tyr-Gly-lle-Leu-GlIn-lle-Asn-Ser-Arg
I E=FRITEFE=RR1IER

Inhibits both gram-positive and negative bacteria

Lopez-Barros et al. J Food Sci. 2014;79:R273-83;
Bevins et al. Nature Rev Microbiol. 2011;9:356-68.



IMEEUNTS{ER) ?

How Do Antimicrobial Peptides Act?
(1) iEIABREE _ FAY4HE Damaging the cell membrane of bacteria;

) FHHARREAERRINEE Interfering with the functions of
intracellular proteins in bacteria;

()FSHBRARIMREEREEE Inducing the aggregation of

cytoplasmic proteins in bacteria;

(4) A EFAVLET Affecting bacterial metabolism.

Lima et al. JFood Sci Technol. 2015;52:4459-66.
Osman et al. LWT-Food Sci Technol 2016;65:480-86.
Wald et al. Food Chem. 205:221-28



Pl = BRAY T MKEEF= Industrial Production of Opioid Peptides

FKiEFIHFEH Derived from milk proteins

Tyr-Pro-Phe-OH
Tyr-Pro-Phe-Pro-OH
Tyr-Pro-Phe-Pro-NH,
Tyr-Pro-Phe-Pro-Gly-OH
Tyr-Pro-Phe-Pro-Gly-Pro-Ile-OH
Tyr-Pro-Phe-Pro-Gly-Pro-Ile-Pro-OH

*fﬁ}ﬁﬁﬁﬁa Derived from gluten profein
Gly-Tyr-Tyr-Pro-Thr-OH
Tyr-Gly-Gly-Trp-OH
Tyr-Pro-Ile-Ser-Leu-OH
Tyr-Pro-Gln-Pro-Gln-Pro-Phe-OH

FiEF A= Derived from soybeans

Tyr-Pro-Phe-Val-Val-OH
Tyr-Pro-Phe-Val-Val-NH,
Tyr-Pro-Phe-Val-Val-Asn-OH
Tyr-Pro-Phe-Val-Val-Asn-Ala-OH

SR TSl i g () oy

Using enzymes from the pig small
intestine to produce opioid peptides.

SAEPPRPRZEES . AnEiE
HEAUBMEINEE | 134 . FIRYHEEL

Bind to opioid receptors in the brain to
affect the gut function, behavior &
food intake of pigs.

Froetschel et al. J Anim Sci.
1996;74:2500-8




V.2 B FRZK R0 425 THERX

Bioactive Peptides in Protein Hydrolysates



BB 1HERK  Plant-Derived Peptides

Bl Examples :

3%ak6 %R ETF S8 3% or 6% Fermented soybean meal
RS EMN AR EREEHAREE , SELGIRIRIENERES

Improve growth performance and feed efficiency of weanling pigs;
Comparable to that of the same percentage of dried skim milk

4.9% EESiq 4.9% Fermented soybean meal
BN FEEE B3.7 %M ER; Replace 3.7% spray-dried plasma protein in diets of weanling pigs

S0% K ERHEKEY 50% Soybean protein hydrolysate
EXEEMaEEP50% &} Replace 50% of fish meal in the diet of juvenile red seabream

1%ak2%KELIMEEH 1% to 2% Hydrolyzed wheat gluten proteins

VERTEDEREBIELFI  Usedas flavor additives in the diets of companionanimals

McCalla J, Waugh T, Lohry E. Protein hydrolysates/peptides in animal nutrition. 2010.
Kim etal. J Anim Sci 2010.88:214-24; Lindemann etal. J Anim Sci. 2000;78:318-27



SNYDIETERR  Animal-Derived Peptides

-+ Examples :
1.5 ~ 6%RIBREIRE ¥ ( SDPI) 1.5 to 6% spray-dried porcineintestine hydrolysate (SDPI):

5mixEaHHILEHELL | (A181.5 ~6%SDPIKERN{FEE BT ERK RS

Better growth performance, comparedwith spray-dried plasma or dried whey in weanling pigs

6% EMNSXAEALONEEKESH 6% enzymatically hydrolyzed proteins of swine blood and
poultry tissues

SREFIRNEEMBRSEAIEZS  Comparable to the same percentage of spray-dried blood

cells in weanling pigs

2.5% , 5%5;7.5%KESIBIAEEEE  2.5% 5% or 7.5% hydrolyzed porcine mucosa:
FEEEKIGESaTFRERERE Better growth performance in growing chicks

10% B EIFEER/KEFY] 10%fish by-product protein hydrolysate:
{BEEN GBS EAME FAImSEREHEI  Improve gut health and growth in European sea bass

larvae challenged with Vibrio anguillarum

Kim et al. Asian-Aust J Anim Sci. 2000;13:1738-1742; Stein et al. 2002; Zimmerman 1996,



S48 Summary
XLEEARKBN TSR  BERE S 56k , AR KREE.

Industrial production of these protein hydrolysates involves: strong acidic or alkaline
conditions, enzymatic methods, or microbial fermentation.

AV S B/ T RER SRR PR , WREES
&, inE , B\l WSk  FIREEGEER.

Plant- and animal-protein hydrolysates provide highly digestible peptides and bioactive

peptides to confer nutritional, antimicrobial, antioxidant, antihypertensive, and
immunomodulatory roles in pigs.

XEHEIRIE f—1NE5TAE | BRI~ sE IS iR s R E
WERKEYER | NTERERE , K2, &, fI%Y.

These advances provide a cost-effective approach to converting animal by-products or

plant feedstuffs into high-quality protein-hydrolysate ingredients to feed livestock,
poultry, fish, and companion animals.
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