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Abstract

Milssal is a polished, partially gelatinized pressed wheat grain and it is being consumed in Korez,
This study was conducted to establish a practical means of providing needed lvsine to the Korean
poptlation through fortification of Milssal. The results are summarized as follows:

Lysine infusion of Milssal was significantly higher than polished wheat grain and affected by such
factors as time and comcentration of infusion solution. Cooking characteristics including water-uptake
ratio and expanded volume were apparently better than polished wheat. After conducting the series
of fortification experiments under actual manufacturing conditions, a reasonable process was chosen
In the developed process, lvsine-HCl solution was sprayed instead of water to the cleaned and
debranned wheat grains during the regular wetting process. There was no differences in appearance
and taste of Milssal before and after fortification. Fortification of the protein of Milssal with lvsine
has been found to bring a significant improvement in the growth rate of rats and the protein eficie

ncy ratio. Stability remained relatively high throughout the storage period(90 days at 10~-20°C or S0
davs at 37°Co.
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Table 1. Chemical composition of raw wheat,
polished wheat and Milssal

i Raw Pohshed;

' whea:_ | _wheat Milssal
Moisture {35 |11} mee | 129
Crude protein (%) 12,7 | 1.3 ! 111
Crude fat (%) 15 | Lz | Lz
Ash (%) 14 09, o3
Calcivm (mg2%) | —(al = | 20.0
Iron {mgi# ; — ‘ - 3.0
Phosphorous (mg% _ — 3 —  180.0
Vitamin By Cug%s s i — - 200.0
Vitamin B, (ug%) fo— 1 = 500
Niacin Cugds) I — — | 1,200.0

(a) Not deterrined .
FEEI VD vimgd f, F1EEelel B lysineo]
HesS EERE 43 5013*'1'5*
odrlatg jysineg &4 L-lysine-HC! (93% o] 44
L2 mERRGR ”"%l., éLLl) =% EfFEyvowa
Hakke Kogvo Co.. Lid.. Tokvo, Japan)$-4 A&
TEe=, FEHAgE vlgels NBC (Nutritional
Biochemicals Corporation, C.e\eland. USA)sE] = F&,
=& = caseind Kishida (Kishidatt 85X &5, *IE, B
)M E5 Asags
2, Hmad ol Atk
Yz R e AACCE®, THAYEE AQACY®
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Table 2. Amino acid composition of Milszal

(mg/gN)

| | FAOG

| Milssal | provisional
] pgttern
Isoleucine 212 250
Leutine ! 40 440
Lysine 148 340
Methionine--Cystine 208 | 220
Phenvlzlanine+Tyrosine L 463 : a8
Threonine ! 1667 | 230
Tryptophan —t | 60
Valine 321 | 310

(a) FAO Provisional scoring pattern (1973)

(b’ 1st limiting amino acid (43.5% of

T pattern)

(¢ 2nd Hmiting amino acid (&6, 455 of provisional
pattern)

(d» Not detertnined

provisional

Bl EpEl A B2 AVCH Y, olm|yate] R He Ay 95
Sdlgd o, 783 L-ysine - HCla =L Ferrel &

sl Q8o ojdlq ot WE = hardness meter. (Kiya Sei
sakusho Co., Japan)d] Q&g z, D24 FoWMEiEL
1008} ¥ (polished wheat grain) =& <4% 500mi
g E(25°C, s 1,000ml beakerds)] AR A7 X L3 L

44322 ARE AR SR 1522 27
o 224 2 53¢ 2A90T, o4 FREA K

 100ge g KSEME %= EASCED. 2z
L-lysine-HClg] mirge2. 10e4 WE £ ugag-_‘- oA
B L-lysing-HCl 24 (25°C) 50mlol] @iEstz €7
A FIAF RASS 70~80°CE X5 BB =
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m 3 E&(water spray & mixing - ,.,a.s,%, »T_-_!:"h_-
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. L-ysine-HCl8] #8ulie U B3A2FF S MKIE
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o hAxgesd ¢ASLES] L-lysine - HCl & HEd &
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EA YL o 5,000Kg MAEL 500Lelmzw, 02% 4
Fox #Bo] L-lysine-HCIE 72Hel7] s L-lysi-
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o MARETEANR 2R, o3& ujdP L
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Table §. Diet composition
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(0.06mm) bage] 1kgd =7 F3U, AATE g
IE A2 $AAE FEE A2CE Wyg, =
¢ HEQBEGIC, 80%RHe| AT A 2007 Axs
qe=, 424F ?é*li:_c.i KRG - BREE - SEEPEG
F& AACCY®e] o7 34 fiec

- 5. BEERS

RS 2F 253029 %3 Spragu dowievE)
24 A% 65588 AL AFIE L. i EL A2

PE FIRAROE 24 Al ﬁiﬁ« FA g
EE g 32 A5 v&T AE EF =ra1(f-;}
47 gt 4B o R v JM-—I R $ach
o] SolA RAWUFE as YT SE (58.520,3

(air-dried basis}

AGruop : BGrowp | C Group Standerd
(0%) (2 . {0.29) (= 4 (0.4%) < Group
Milssal flour 85. 0 8.0 | 85.0 . 0.0
Corn oil 9.0 2.0 i 9.0 | 10.0
Corrr starch ' 2.0 2.0 ‘ 2.0 | 6.7
Casein 0.0 0.0 0.0 3
Salt mixture (¥ 3.0 3.0 | 30 | 4.0
Vitamin mixture ¢ 1.0 1.0 I 1 0 : I.*:’_
100.0 100-0 | T100.0 | 100. 5
Cru_de protein (%) 8.5 g4 | 8.5 '1 £.3
Kcal/100g diet (@ 30 | . 388 | 30 585
(a) L-lysine. HCI fortified level to Milssal
(b) Salt mixture <%
(¢) Vitamin mixture
(d) Caiculated data
%) W ZA4E (3883 Keal /100g) EYHA = I —
RAE ARAL)(Table 3) &, AF (LFU2E) B3 %
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Table 4. Hardnesz and cooking charaeteristics of polished wheat and Milssgal
! ! [ _ ! : ;
- Hardness (2 | Water-uptake Expanded Restd“al cooking hquid
E (Kg) % rate (o ; volume(=>(mi) | Total sokid (4 Stirch--i\')d:r_zg-
R ! ! d i blue testle:
Folished, mrizeat ; 3.72 | 21 27.6 0.05 ! 0.11
) Milssal { 2.35 ‘; 2.4 | a1 0.09 | 0.1¢&
(a) Kiya Seisakusho Co., (Japan), Hardness meter
(b} Weight of cooked grain‘weight of uncooked grain
(¢ Volume of cooked grain from 10 g of uncuoked grain
(d; Total solid weight in 10 ml residual cooking liguid
(e) Absorbance at 600 mu
9. starch-iodine-blue test ¥4 fFaEzls w A Fl Aol o8 BWE 3 2ol gleia] SBe) o] L-ivsine-HCH

YR, AP B4 S YR WLY $¥W asyd o mkee Fig 29 2e], 2AL S0 T2 @a
4 FA, 92 A28 Fg Bl ¢ Aoz HAF Af QB oz Fo%n Qen, A A DA
@ 2Es Udd mMEAT T PREEE 89 o '
AT fAThl BERRS BHEHY 2 starch-odine-

blue test: =z sle)lz} glale} OO Ty I l ' ! ' ' '
o
2 ot o 4
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w 8O- —— MILSSAL - E /Ao ssar - MILSS
- e e/ (Z0MIN) 520‘-’2&
g ~h— POL'SHED B 2= d —h iﬁ,}—éﬁHED - \PVO;_}'EliHED n
O Cl T h 0
iy WHEAT =3 Al {20 MIN) (20% S0L)
x 60 - 1, l } 1 l L !
2 6 5 0 15 200 20 40 &0
o ee—A L LYSINE-HCL (%) TIME (MIN)
33 -"'.-1--
ﬁ 40 ’.«-A" — Fig. 2. Effect of concentration and time on infus-
- 7 ion of L-lysine-HC! in polished wheat and
% ’,.A Milszal (infusion temperature: 25°C)
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ZA 2T g D oZlg F S E
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Fig. 3. Mode of lyaine incorporation during the
fortification Process (fortification level;
0.12%; and fortification time 45min.)

Table 5. Production rate of Milgsal, dusts
and cracks

; Kg/hr | % of total
Milssal products | 4978. 022 02 | 96. 7
Dusts | 12.440.6 | 0.2

. t
Cracks ; 157.0+=31.0 | 31
Total | 51474 L 100.0

(a> Products of ope line process in the piant
(b} Standard error of the mean

Fig. 3& 242 L-lysine-HCl 2344 0. 12% 2 %
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£ A=FF= ﬁ‘-{’_--':? -'2- B LEo oD
FEHEZANF FTEEH EE (E5E GiA
2w g FEEE 011720, 000%)F =elokrt 23
-%'3.9} A F28 dFsz A
..‘LELT_ T s matdal 73 L-lvsine-HCl &l &4
A= _.1 :g- Table 65 Do 0.12% = 0.20%
SpZold T8 gegFel 10~11%

kol 29 £4gke] 4%, EmEY 9

T EATRe] 1~2% 2F I 7leke] A% AT 4~6%
7 Eloich ol&ie &4 a2 bulgur wheat & lysine
RAFHANDL EQE (%G 9D P,
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Table §, Percentage retention and loss of
fortified lysine:HCI during process

L 0.12% @3 1 0.20%

Total added lysine HC! 100.0 100.0
Retention in product 8.9 | 89, 8
Loss in total ‘ 1 10.2
Loss by cracks ‘ 4,2 4.2
Loss by dust ! 1.2 2.1
Loss by others ' 5.7 | 3.0
(a7 forrified level to Milssal _
(3. UmEiMel Fi3r B AR
Zraiaiad 2l » Bl s ER(] 48 wEoEke
Zz g AR, £5AAsY (189 =iskel paired
Table 7. Responses of panel members to paired

comparison test of L-lysine HCl fortified
Milszal and control

Differences Responses
Great 0
Moderate ; 1
Slight : 0
Very slight : 2
No difference ' 1570
Total . 18

{a) Significant at 1% level

comparison test§ ¥ A=, Table 72 Lol A
£ pEgadn 24 A48 ’E'Ega-;‘}OT & o] 7+
oxd, AL EHYR2E 1% 451 HEigel ol
o FlEN dFASdAE 0.2% AfsSedde A
Felrl giotm ¥ IHT PG g AANE s

Ad4 elE 01% vlE 2 4 ;tr}.
!

2eln {AE pacdy P Table 83 el A4
HEr) geent, R AT opdAsr FAZEeX
A7 Sl whal g Foidz Ysich ol FATA
2% % 4= ¢ SRE Maillard type)s] Z=z
A4z 55, 49 REETEL L ERAN o
= e HBRF JET 4 gyt A5 AT
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Table 8. Reducing sugar & fat acidity changes in Milsaal during storage

-

High temp & bumidity (37°C, 80% RH)

Room temp (10-20°C)
Days | Reducing sugar(a i Fat acidity(® Reducing sugar(a’ ' Fat aciditytd>
| A© | B® | A@ | B@ | A B L A i B
i i H 1 4
0 L 01 . 01r 29 29} 01| 0w : 29! 29
30 | o . 020! 50 31, 013, 01w . &7 ! 86
| - ~ ) 1 !
60 L0112 | 018, 2.0% 5| - | - | - | -
90 | 018! 015 74, 15 -t = — | -
‘(a) On percent basis
(b) Mg KOH required to nutralize to free fatty acid from 100z grain(on dry basis).
(e) Milssal fortified with 0.2% level
(d) Unfortited Milssal.
(e) Not determined
ool Bale W@ 24 ¥ A A o 4 L EEdckdE 99 2 dEgE YHE B,
#x= gz 3% o glejde mALL F gl @ Aol 0,2% B3] 2] L-lysine-HC & Z3%he]
o7} Alger 5895 AA32 gk, el D4 L-lysine HC!
YA - ‘. Z.ﬂ?ﬂ 1:9_, = = W:'. G[—}.—!*‘ =)
4 LBUWRS BEEWEPER) dRE U AADRRG AN Dl w28
2 giEs g e 9T AR $55] drd
Eﬁ"‘i‘ )‘1"%-'-5""'_".‘3 ‘:.-;!"é'» :IE‘% 0. 2% L“IysiﬂE’HCL = ] 51‘“_'_! QL_Q_ 7&&'@'4‘75, -'-"!Tﬂ-"-ll Lﬁ'%-— ____A-: -‘:_:
g a0, 4% L-lvsine-HCl, TFAe] Fa 4] (P Eslelel ¢ Aolet
g omAE S Fe 8.520.23%)e) R ForAY A
= Table 98 Zsh %, 21978 AFFhe VAT 2 %
a0 g:‘/ i4 / Y.

A s 027 ANTS Hpé;'_fg jff oe : #ol s 3T Jdelq $ESD gE bsined 1
#Tej4 Bl ’?g o] fle=, o J Tl A I.L,1 ol FHAoz Bedesd, 22 A4 B 45
9c; 7l 1 Ad %o 7+ T © .
0 2% o"-ﬁ--r-o-; 1.75, 0.4% 7+&8-Td4 1. EQ—E‘- » : U 24 A8dRe RAes Eedd & 9k
= 2le}. PERS 3% 23s) L-lysine-HCl (. 2% & 7} SEe pdaA 2 dTE Ar Sa%. e o4

= 3 ook pac’ & 1 = S o5 y 3
R 6-”’—1 1—'{0'1 ¥ri; ey 0:: € lysine Za= 4 S5 Hsz, HE (polished whe-
BTx (2% q BT o EelRe L A= . - \
‘f";_“;]'" A=t EohR 2 = at) ¥ Pus) TEFSE 44, FITIAY 2
‘& T AT Al 2 kol EA u Goltaw s # il i
b]': 3T bulgur wheat (PER, 1 1. 362, blﬂsl}f whe- g, Zogad 7'] oy ﬁ Y EeEdEs % + e

at-+f), 12% L-ivsine.HC! (PER, 1.86)% 2= % =7t

=(PER, 0.65:, ™ k¥ +0.2% L-lysine-HT! (PER,
1.56>, = rL5-=().4% L-lvsine-HCi (PER, 1.83)& =
BEMGL= vl Spo]F welr 3tk

Table 9, 2]—day weight gains and adjusted protein

efficieney ratio for Milssal and fortSed 3il-
ssal protein
| 2l-gay | _Adusied
Frotein sourceis. weight p‘e%f:_}'b'
- | gain (g “ratio
Milssal : 52.5 | 1.1220.08
Milgsal=0, 2 T ~iysine-HCL 4%, 4 1.75=0: 10
Milssal+-(. 422 L-ivsine- HC1 51.8 ; 1.88=0.12
{a) All diet contained &, p-==0. 3% protein
(b) Adjusted the P.ER. of the test food with the

PER (2 5) of reference standard casein
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