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FEHRB Cruciferse Fo TEEAREK - BH - EHMEAASH  £2H > BEM

Michigen, ©Ohio, Pennsylvinia, New Jersey JkEf, Comnecticut, Massachuse-

tte, Washington M Missourio AH ML st. Lowis FHEMTEERS L » HEHER
HEEMRS -

FE LT AEIWER @ EER Prepared FlI Cream Style W ; Prepared Style
~%ﬁ@ﬂﬁ$ﬁmﬁ%@)ﬁﬂﬁmgm;m%Cmmamﬂeﬁ%pmmmmswh
fi-E—% Dairy Cream FTRM o ~MEHEEBEERRE » REABRERTETF >
AERMANFRESRE T > g B EMHGOER A R R0k o BERIR - EERERE -
B R ERNRE > REHLERME T AREAREE » DEPERK - — BT hE
P SRR TABRKERE » kPS5 Wy 8 - SRR HTENER - a3
ERRBETRAN L R S5 SR » ETHIEN L5 ERSHEHSGE 2% o

= FERBYR R

L 3 Ok SR (L 22 B A
F mustard 1 horseradish Epﬁﬁ‘giﬁéﬁﬁ&ﬂ’ﬂﬁim myrosinase s TEEH]
Sinigrin » —¥ thio gluccside » j(ﬁﬁﬁk‘ allyl isethiocoyanate {mistard

0il,) glucose M Sulfate JEw , ENRBRIMT
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S-C6H11O5
CH2:CH—Ch2—C

N-O-SOZ-OK

myrosinase

C6H 0

o=t :
12 6+Ci{2— CIICH

2N:C: =] -!-KHSOL}

H20

FAFA Cruciferae RHEWE » BRESRENET & » HAE B (Vagashima,

1957) 5 [FFF > BRI RUEA: mastard oil W) glucoside MHWBHETEEER
glucosides #l myrosinase FERMMIKETILARRENA—HMIRT ; glucoside —MD
f#i7e Parenchymal Tissue » TIRFRAIRASIEN} idioblasts YIRS o FLISEEEHTE
SR T I > SR SRR R R A & S BORBH R ©

mynosinaso fiy 1840 4E# Burton 1 Fremy FrR¥  BAKHFFANHE B

WP A4 BESE myrosulfatase #l thioglucosidase ff subunits » [ myrosinase
S8R A glucose B Sulfate fj aroupfyUIFRRFAR » A AERRFREMLA - €
A5 A (R U] i 57 B G P 5 3 70 55 32— BAAR. myrosinase @ —HY thioglucosi-

dase » A TH—MB reaclion Path.

S-C I
6711%s SH

myrosinase

\\ R-C

N
0804K +H,0 J [ NOSO, K
R

R-C

N 3

[Lossen Transfermtion

S=C=N-R+o§031{

mastard cil



25— enzymatic step AEHY glucoside LH] thioglucoside linkage 7Kf% >
A% Sulfate group & HARMAMRHM I mustare 0il EBEFHE o EMBERA L
Hurd ( 1954 ) ff hydroxamic acid rearrangement BERFEIEE| > I H7Eelectronic

theory _FHBEE - 82> » mvrosinase #J hydrelysis mechanism 3814 Eis ©
myrosinase By active center EfA-—{ sulfhydryl radical { Nagasshima,
1959 a ) o EREME# lodine {4 H inhibited > MESKBETFlu Hgw »
Fe+ s Fett f1 Cut ATE4} inhibit HIEME ¢ sulfhydryl radical HJ inhibitors
» {41 P-Chloromercuric benzoic acid, phenylmercuric acetate monoiodoacetic
acid B B} inhibit myrosinase HJiEME o BWEHM ascorbic acid B 211%my
activate myrosinase » Hhifl gallic acid, 2,3-dimercapto-i-propanol HI
cysteine @[ I} activate H activity o myrosinaseBJiEM % inhibitor FH0
P-Chloromercuric benzoic acid inactivatedffHyEMEATH sH containing com-
pounds # 2,3-dimercapto-1-propanol( 110% ) #p Cysteine ( 70% )atlQ—=M
kg ( Nagasih:.-i.mé et al., 1959 b ) . Tsuruo Hl Hato ( 1968 a) BIR{AFEsugars
# glucosides myrosinaseﬂg competitive inhibitorse Weis-Fosh{ 1954) ¥
% myrosinase ¥ sinigrin BYKBRIERRE » B335 nyrosinase BMAIEMLALIE P
6.5-7.5 FAMMBENIN3°C~40°C o

wyrosinase By activatior mechanism B IRIE » LT H KA Mactivator P
ascorbic acid BEA&EIE ( Ettlinger ot al., 1961 Yascorbic aciqa AEE
myrosinase ] activator , L HBERTXETRT myrosinase competitive inhkibi-
tor . #i Ettlinger et al., ( 1961), Tsuruo et al., ( 1967 ) #Tsuruo

B Hato ( 1968 b) HBEHZEHIER > ascorbic acid ¥ myrosinase & Sinigrin

& Thydrolysis mechanisn BBy B0 —EREA o

ERIRZRH myrosinase B allosteric protein s REBEL A —EH2 ascorbic

acid #y effector site » FH— substrate site HA Siniérin y B ascorbic

acid HEEEMR O X107 M BE=@H Sinigrin HEE substrate site o P Sini-
SrinfKM substrate site A glycon BaglyconRZ{3 o IEF M myrosinase 538
P-nitrophenyl g-glucoside( P-NPG ) HyEFB8+ » FIFIA Sinigrin &g P-NPG #y

Competitive inhibitor » [{P-NPG¥ Sinigrin By Xi (M Sinigrin 7k MEFR

Km {& » AR EATEERY substrate site fH[E o FAIK ascorbic acid ¥} P-NPG

4
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WK BRVE HIIR B REIEA » BT R Sinigrin B p-NPG AERFFTHER glycon BBEHEA »
fff P-NPG HRZ Sinigrin 7 aglycon E{} o & ascorbic acid B myrosinase 24K,
BT subsirate site #y wglycon H{3 s ff Sinierin BHKEMNETEEN - B P-
NPG MR aglycon PGS s ascorbic acid ¥ p.NPG¢ N inbibition BYIE
Al B34 activation MYIhRE o
2 FHoRry {02 p i HE R
Allyl isothiocvanate (allyl-NCS) @ EHRATR4ENERITEERL - CESH

HEHRFLL  precursor Sinigrin - R FHMBTHEEER nyrosinas K
TERT A BESE ° '

DRIBSCHE - BRellyl-NCEMEEHRAIEE isothicoyanate compounds B4 pheny-
lethyl Hiphenylpropyl isothiocyanates {Heiduschka and Zweigal 1931 Y,
Kojima et al , (1966 Y AGLC B AKXEHHERE R > BEFEHRB D EAEHELN
B3 20 ExfE > (BEEEZEE allyl’i) phenylethyl isothiocyanate o EMEERY
B RE R > W P] B e S S ERE » ENREGEER S o Kojima ( 1961 ) $
Bl allyl isothiocyanate /A Vit. ¢ WE(LAEHIER » £ BMH peroxidase By
& HEEEER -

Isothiocyanates HAH isocyanates FHMBVLERAEME » B5E HH{E—E ;
{RAABRH EREAIBE I EH — NCS group > TFEME labile hydrogen BI{L24F40

ammonia B amines ff T4 thicurea (Weller‘ et _al., 1952).

Rt g Rt
P I
RNCS+NH —_—y RMHCHN
™~ ~
Rll Q"

~

i, amuoniun hydroxides HF: amine condensation BRE o '

Hig

RN:C:S+NH40H ——R.NHCS: NI—I.2+H20

BWEIEEESN isothiocyanate BEEMIEA R » H b8 A5/ 8 5The

BFA SRR o .

2RN05+2H20——;RNHE':NHR+H23+002

5

RRNCS+H,5 —— RNHENHIEHCSa



Isothiocyanate JFfHAME FTRARE  AXWEATESFMTIRIMEETT (

Degering, 1945) light

'3RN=C=S+3H20 —_— RNH2+R20+002+2HSCN+H28

ERE100°C F » LRy isothiccyanate @& isomerize ff thiocyanate . Jif;
ESAmBCLC BB EE (Mustakao et al., 1962 ) .
Allyl isothiocyanate Fejf#7AN 8BS AR A i SRR FURPE » X Rawalkishi
B Namiki ( 1969 )8y s allyl-Ncs WIS EEYETHHL paraffin BRI
=, FHREEFRPHE(L
1 BERRA L
Kojima ( 1955 ) 47 H7 HASRPEE AR P RER D 0IE R R T — B R
(@) Amylase I FHFHEAFRRT
OV B AR FEHAR ( Tzu F1 Abe ) A KL EMN invertase.
) Lipase R FHH -

(dj$‘¥ﬁﬁ*ﬂx’% Catalase -
{e) Peroxidase }EM/T Abe Japanese horseradish Wkg Tzu R HABEE
T EH R R o

{f) Alkaiine protease REIEIE horscradish F e
(8) Polyphenolase f+ iR RIETE o
myrosinase,peroxidase,amylase fll alkalinc protease RYiEEFERER
AW > invertase M lipase HWEMECERHFIBMBER M invertasehiHHE/LE]
EREEBRREB ETE ( Kojima et al., 1956a),
LRGN B REENYE
ERBEEYRRBIERES , BMEAE KRR B R - SR e » EHRIBRMA +
BE o BFEEHRMBRE B FHER G GRS BIIRE R ( Degering , 1945 ; Kawakish
s Fk-Namiki , 1969 ) » A EEERRIDHER ( Aung , 1967).
FHREH AR FTIES-0, , amylase Fl Peroxidase ZfEH A7 o Von Loes-
ecke ( 1942 ) #71 Binstead et. al., { 1962 )5 3G & th FAEN A%
t; MEZGRRFTI LN o ARRFRBHE dextrin ERAN reducing sugar
SR ( Rojima , 1956 b ) » B H, amylase HyZKERIE B MR ERLETF reducing
sugar  PFRIERAEMBL o F—EE 55 st SUBIRMMERE peroxidase * HEIE

1



BRARBHPARAEL off-flavor JIB AN EREER S, — o EFARF PREMMA allyl mst-
ard oil  BJARH ML peroxidase I o i s 08 £ BBE o
3 ¥R PR EAL
FERBRIRAE » total acids FMBHRTEENWEM; H dcextrins B0ally:
mistord oil  HIEFEF > ( Kejima , 1956 b ) » £ off-flavor f1fif- & carbonyl

sulfide hydrogen sulfide 1 Carbon disulfide X3 drisothiocyanates
SrPRETIR o _

RNCS+H, 0 -—— RNH,, +COS (1)

COS+H,0 ——— H,5+C0,, (2)

2RNCS+2H,,0 ~——> 2RNH,, +C0,+C5,, (3)

AP S8, W ETEEh EEAE MR Bl isothiocyanate K ( Bailey , 1961).

RNCS+H28 —>» RNHCSS5H ———» RNH'2 +052

P B Vit. IS REE IR R viv. cHELEER 2«11y mistard oil FTHH]
( Kojima 1961).
EHEPHE —% flavonol pigments (Clair » 1963 ) » 7EEEH S LR K bro-

wvnish pigments o FaELEFaRN » food tannins» ( Meyer , 1960 ).

M|, EHENRHE
S — IR BT B L TR R -

Horseradish Root

|

Washing

l

Poeling
Cat into pieces
(abont 3" to 4" long)

|

Washing

Cool roots at -ko°F

for 30 min

4



Ground in Fifzmill with 3A screer (3/16" opening)
with crushed ice {7 parts unblanched herseradish

plus 3 parts of crushed ice)

Other ingredients dissolved in water and added to
horseradish sauces

|

Bottling -
Jealing with electric tape
Application of poraffin on sealed area

Storage

—RRERTERNBEFREWHHERTA ingredients BMNE ; [EFHARUIRNRE
IBFI7kEE ingredeints » EEBREEAR » FUMRATHSIRE slurry MY REB LR > FER TR
mEES > A —Bbartificial mustard oile WE _EHFBRIEREE s TmETR
FHAME COMEH TEEERTONERE c EEFRERTHERN » ERAERRTRE
— 40 "F YA MRS B 30 28 iR HARE ARk AEK » AIERRGRR 25
B EARRFEGE > R ERBEGFERRARPBE o MMZEIR R A KRR EEH
YHR KHGHT % ©

FHSTESR TR RERE S BN IR EREREA T ILER > WX
A BB H T » RIF 5 electric tape M paraffin REFEH OABRE o

L Ascorbic acid FEFXHGhYHE
HHE L ENFHEIR A ascorbic acid BiMY » BRGETS BRDH



ascrrbic acid g T BABER S MHE » AR EHRRE F T ascorbic acid By
FLAE - DR o
Ascorbic acid Fff] reducing agent s EAHE B ERHE FHIEE X E nyrosi-
nase fvactivator: (I E AR AZHERE nyrosinasefJinhibitors fEpH3 T
8 A% pydrogen sulfide {4 ( Schwimmer , 1960 ) , AL/ ascorbic acid 753
M PR EEA BB LR
E—EEBREA - F A FF B Pungency {{#Y horseradist B RIBESRHENyasco-

rbic acid s HhERMKincubated 30 S8 s ARSI allyl-ONS ISR BEME
— , BT —%] ascorbic acid FIEE F£0.25% %1 1 . 0% ¥ Pungency i development

BT IR B AR Bt S o FTIBE LA 0. D% R M B AL I s Il ascorbic

acid Z& °

Table 1. Isothiocvanate Development Ilnduced by Uolding
Rehydrated Horseradish Powder with Various
Amount of L-Ascorbic Acid

L-Ascorbic Acid

Content (%) 0 0.25 [0.50 t1w00 | 2,50 [5.00 116,00 |15.00
Isothiocvante ’ T

Content (%) 0.456|0.725[0.780] 0.781| 0.521} 0.538( 0.526] 0.h07
Organocoleptic

Pungency Score | 6.7 7.7 8,1 7.9 175.3 7.8 7.4 -

2 Prepared Style ] Cream Style EHIERIACH
ia} Prepared Style FHIHRIRLH

65% gronnd heorseradish (7 parts horseradish plus 3 parts

parts crushed ice), 2% butter salt

O.5% L-asceorbic acid

_ 2% or 3% tartaric acid,or 16.6% 120 grain vinegar (
2% acetic acid from 120 grain vinegar)

Balance made up with tap water

7rEOEUE > BRFn tartaric acid ( EUEEMR ) Fofibalanced pikiRA » B gronnd

10



horseradist  FHM o MMHBPEHES I+ E16 % W total solids s 2.9% sa1t
’ 0-8%55[{2-5% total acids pH{EﬁHﬁﬁoﬁ% tartaric acid E}Z2% acatic
acid BFE 3.4~3.5, 2% tartaric acia #fHIE pH2Z .3

b) Cream Style FZEite Ol

62.5% gronnd horsesadish

2% butter salt

0,5% l—ascorbic acid

2% or 0.3% tartaric acid or 16,6% 120 grain vinegar

4% whipping cream

0.3% propylene glycel alginate {Kelcoloid LV,Kelco Ca.)
Balanced with tap water

TEBCBINS » HOSHE « B ascorbic acid PRETE zround horsevadish RE 2 g
#FHE 24 whipping cream H{ propylene glycol alginate.

Whipping crear 27 36 9 i) outter fat , ffllerean styleFHE&H 15E
%0 total solids » 2.0% salt , 0.8F[2.5% total aciain 0.4 W vuiter
rat » pHAEZ2.5FE3.5-

A, IngredientsHEHERRETMNZE

1 E& » tartaric acid, ascorbic, acetic acid, isocascorbic acid I mistard
ol L HEFR B ¢
BT ERE B R RN ingrediont TEATE H ¥ pungency M color By » AT
Y6 HRGH T RERER -



(1) 2% Tartaric acid
0.5% L-ascorbic acid
2% Sodium Chloride (reagent grade)
(2) 2% Tartaric acid
D.5% L-ascorbic acid
2%  Butter salt
(3) 2% Acetic acid from vinegar (120 grain)
D.5% L-ascorbic acid
2%  Butter salt
(4) 24 Glacial acetic acid
0.5% L-ascorbic acid
2%  Butter salt
(5) 24 Tartaric acid
0.5% Iscascorbic acid
2%  PButter salt
{(6) 2% Tartaric acid
0.5% Ascorbic acid

2%  Butter salt
0.05%Mustard 0il (Practicol grade, Eastman-Kodak)

EEEERE  BEERSAG8S Z o HBal > 2.5MOWpHEL2.6 » M3
Fi4A23.55 o B SEAEE G ST FUBFR 70 °F » 45° F 10 °F » g5 3 A
o HEH TN F2EI R,

@)FHIR

Allvl isothiocyanate IR R ERERK & FWEBCEAMKERHY 5 LAWK
RInfEFETO °Fiy » _{ERMERREEAA - B 45 F RAIRMEEZM@A ; A0 °F &
3 18 B mFTRE R ©

AMB AN FHEETRRARTEAELR T LA BE TS > TREEEE
Fr&®y impurities ¥ pungency i2f deteriorating effect.

.8 glacial acetic acid B distilled vinegar » HIFHtE—i ; B E ace-
tic acia & EMEIFTHE AN PHEE pungency WREHNEE > TR vinegar Hig
impurities ¥} pungency B HIHEIEMA ©

Isoascorbic acid {f Vit.C )% /7 ascorbic acid #5920 S22 — : AELR as-

corbic aciciyy isomexr s fj'TE¥myrosinase activatorfl] specificitvy AR FH

12



