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Characteristics of Micromilling, Farina Milling, and Cooking Quality of
Farina Spaghetti from Kansas Hard Red Winter Wheat
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Dept. of Food Science and Technology, Keimyung University, Taegu 704- 701, Korea
*Dept. of Food and Nutrition, Changwon National University, Changwon 641~ 773, Korea

Abstract

The hardness of hard red winter (HRW) wheat had an effect on the yield of farina, as it positively correlated
with the coarse fraction {over 34W) and negatviely correlated with the fiour fraction from farina milling. But it
did not show any significances on flour mifling from the micromilling process. The flour vields was better corret-
ated with the break flour fraction (r=0.73) than with reduction fieur (r=0.27). The farina vield was controfied by
a fraction over 34W (coarse granule). Protein was the mest imporiant single factor for the quality of cooked fari-
na spaghetti, but not for flour milling or farina milling. On the other hand, hardness was important in the pro-
duction of farina milling, whereas it did not govern spaghetti cooking quality. Environmental factors affected
the quality of cocked spaghetti as much as varieties of HRW wheats, The guality of cooked farina spaghetti ge-
nerally correlated with the protein in the location composites of wheats. Higher profein content wheats

showed better spaghetti cooking quality.
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Table 1. Cerrelation coefficient values of wheat quality, micromiiling and farina miiling(r X 100}

PRO  NIR W TKWY PFL

MB BF RF TF FB F34 FY FL

Flour YR - &5 - 367 36 - 38 =50 —49° 100
yield LO - 63" -38 41 - 48 -65  -62° 100
(FL) VA -68"  —40 43 100

Farina YR 47 37 -5 35° 53 - 60" 66° 100
yield LO 54" -55k 55" -7 64" 100
(FY} VA 42 55¢ 49¢ —47 49 54t 73" 100

Farina YR 34 43" 57¢ - 53" 46 -67" 100
over 34w LG 34 53¢ 65* —45¢ 45¢ -58" 100
(F34) VA 46 42 50" 57 51¢ -89 51+ - 80" 100

Farina YR - 35 - 52 - 33 85" -6H3 - 80* 100
bran LO -39 - 43 90" - &5 ~ 87 100
(FB} VA - 55 -37  -7x =54 81 -6 -7% 100

Total YR 38 430 58 43 -8 73 1600
flour LO 47 49® 510 37 - 94 77 100
(TF) VA 44 73 59 81 65° 51° 100

Reduction YR 46" —45* 100
flour Lo 55° —-52" 100
{RB) VA 37 - 31 100

Break YR - 36" 49 -~ b5 100
flour LO - 42 47¢ - 66" 100
{BF VA - 44 56° - 64" 00

Micromilling YR ~51"  -63 44" 100
bran LO . =57" =57 -40 100
(MB) VA —45 -76" =59 100

Potential YR - 69 65* 90’ 100
flour yield LO - g 68" 91° 100
(PFY) VA 54¢ 86° 100

1,000 Kernal YR - 50 [ 100
weight LO -7 76" 100
{TKW) VA 49° 100

Test YR -51° 100
weight LO ~ 54" 100
(TW) VA 100

Near infrared YR 44" 100
reflectance LO 49" 100
(NIR} VA 100

. YR 100

Protein

(FROY LO 100
VA 100

p<0.1%, "p<0.5%, p<1.0%

Sample number : YR (Year) =57, LO (Location) =30, VA (Variety) = 2

No values are not significant
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Tabie 2. Correlation coefficient values between wheat protein, hardness and farina spaghetti cooking quality(r X 100)

PRO NIR PIF PIS ClL2 Cu TO2 TO1 cs2 C51 5T
Stickiness YR ~ B4 -5 — 40" 37 -39° — 45" '(QO
5T} LO - 65 -50° - 46?‘ —42 45° 49+ —48" — 54" 1 QD,
VA ~ 57 100,
Cutting YR 71 35 54 44" ~ 43" — 49 - 43* 84 100
stress LG 75" 61 58* -51° —53® — 47 87° 00
13min (CS1) VA 46 55 — 41 -~ 53¢ 717 100
Cutting YR 57¢ 38 - 45 —43¢ —41° 100
stress LO 63" 45 ~ 465 -39 -39 100
23min (C52) VA -46 — 48 - 54t ~ B 100
Total organic YR -5 - 37 - 49 64° 73 s 106
matter LO - 57" -61" 75 73 iy 100
13min(TO1) VA 45 83 60" 100
Total organic ¥R -53 —42" - 40" 76" 72 100
matter Lo -59 - 44¢ 81° 74 100
23min(TO2} VA -39 69° 68" 100
Cooking loss YR —-43" -~ 51 70 100
P 3ming(cm Lo -4 -6l 760 100
VA 59° 100
i YR -510 - 43" 100
Cooking ioss 15 _ g5y -50"  -45° 100
23min{(CL2) VA —5T 160
Pigment of YR 45 60 100
spaghetti LO 67" 50" 64’ 100
(P15} VA 55 100
Pigment of ¥R 56° 100
farina LO 73 100
(PIF} VA 100

Near infrared YR 44" 100
reflectance LO 49" 100

INIR) VA 100
. YR 100
Protein
LO 100
(PRO) VA 100

P 0.1%, "p<0.5%, ‘p<1.0%
Sample number : YR (Year) =51, LO (Location) =30, VA (Variety) =
No values are not significant

o} E3 Azt AulAE s A5 Fe] el A 27t 7HsE ek A AdE E ] 2 Fe EY
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ojoll W) 3}od Newton, Vona, Centurk 782 b2 Skl
88 e} (Table 33, A A5 2} A&
2] A3td] 25t Vonar) 7}4 e A ekl ped F
o2, Larned, Eagle, Scout 66 % 5-2}4t Z =2 e}
el o} (Table 4, 5). Arken, Lamed, Eagles} Scout 662]
AEE B EE 42 e H L (73.0~73.5
%%, Newton, Vona 1.8} 32 Centurk 783 o o712 4=
& (70.9~71.2%)& Bt} (Table 4). v} 48
7;9 ﬂc}:—“ ura;-Lﬂﬁr} Table 3). Z2v} )t A%
o 35 A 4o Are AL FE P Ak
enol 73‘ e f‘r'%d vhetu gl (55.9%), 4k o
Vona2] B-¢7t A4 g8 $E(52.2%)0% vrehi s
{Table 5). Centurk 78¢] 7} ¥-2& ¥ 8K (3.23ppm,
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Table 6} Ayli=dl ol glxbrb =27 dz=) AL &
gl o) Aol ko] ohE Fof ulEed E7] HFL

= Rz}

2ulAle g Fel 545 Fo| o AE SRS A
# B Arken, Fagle, Larned, 2l Centurk 785 A
2] 6.0%9 &<l "l Vona, Newton, 18] L Scout 66
= 7.0-7 4% TH(Table 6). B2 T 28 A2 A5
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Table 3. Characteristics of composited HRW wheat by variety and location grown 1982, 1983, and 1984 in Kansas

Protein Near infrared reflectance Test weight 1,000 Kernel weight Flour yield
(%) (%) (ib/bw) ) (%}
Variety
Arkan 11.76 22600 63.90 2510 75.31
Newton 11.03 232.00 581.23 26.97 74.97
Larned 11.43 237.00 &1.87 30,90 75.87
Eagle I’ 12.01 251.00 61.33 30.67 75.75
Scout 66 11.64 246.67 62.00 30.37 75.69
Vona 10.73 230.67 61.03 25.10 74.76
Centurk 78 11.32 248.33 01.43 24.80 74.63
Mean 11.45 238.81 51.40 : 28.13 75.29
Sid. Dev. 0.77 10.27 0.54 ' 2.56 Q.58
Ls5D 1.33 8.95 .80 1.36 0.71
Location
Belleville i2.98 249.67 60.20 25.20 74.81
Fort Hays 12.28 243.00 6227 30.20 75.60
Hutchinson 10.83 228.33 61.07 2810 75.60
St. Jahn (Dry) 10.04 236.00 63.80 3G.77 75.80
St. John {lrr) 11.03 23433 63.00 28.40 75.35
Colby (Dry) 10.32 225.67 61.20 29.23 75.58
Colby {Irr) 11.78 23233 53.60 2413 74.29
Tribune (Dry} 9.09 230.33 63.60 34.97 76.94
Tribune (irr.) 13.28 241.00 60.50 27.23 7470
Garden City (Dry) 11.90 245.00 61.73 27.60 7321
Garden City {lrr.) 11.60 243.00 61.00 26.10 74.87
Mean 11.38 23715 61.45 28.36 75.34
Std. Dev. 1.47 11.68 1.76 3.32 0.91
LSD 1.65 18.33 2.7 3.39 .21
1982 1070 235.94 61.73 28.84 75.77
1983 12.04 240.72 61.11 27.63 75.00
1984 11.47 236,72 61.45 28.34 75.19
Mean 11.40 237.80 61.43 28.27 75.32
Std- Dev, 1.24 11.08 1.41 3.02 0.79
LsD 0.75 7.42 0.94 2.03 0.49
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ol ol AR FE] v, v, B8k, olElg el s A off viste] oo g Pekgd B9 (cutting stre-
2 x| 2l FEYE Aa anA s gl 7 ssr& Ayl 7l 2.2 s A o] fr} (Table 7). ¥k o] Vonas]
g A= 8E rhalhe drEe) d®el Centurk 789} Ao Hoey|n 0[} 2 g HolZo ga bl A
Scout 6%, F-E] A 2H AaAEr) e gy Ay =t

(834.3N/m?, B88.3N/m*, Table 7)-& Kod & ulof
Eagle®} Vona(1,219.3N/m’, 1,{)7{).3N/m-7]- 13 =
& Ea AR depgled AAba pEge e ool NRIE EF
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Table 4. Yield of fractions upon micromilling of HRW wheat composited by variety and location and grown in 1982, 1983, and
1984 in Kansas

Bran(%) Break flour(%} Reduction flour(%) Total flour(%)
Variety
Arkan 24.10 36.97 36.33 73.30
Newton 24.80 36.10 35.13 71.23
Larned 22.67 37.60 35,70 73.30
fagle 22.67 36.87 36.13 73.00
Scout 66 22.67 37.97 35,57 73.53
Vona 2577 36.03 34.83 70.87
Centurk 78 24.07 35.97 35.33 71.30
Mean 23.82 36.79 35.58 © 7236
Std. Dev. 1.32 1.23 1.08 1.36
LSD 1.32 2.02 2.00 *.65
Location
Belleville 24.83 35.80 35.87 71.67
Fort Hays 21.67 38.07 36.03 7410
Hutchinson 24.87 35.73 35.50 7723
St. John (Dry) 24.47 36.17 35.00 7707
St. John (lrr) 22.83 3617 36.77 72.80
Colby (Dry} 23.30 ' 318.77 34.37 73.13
Colby (lrr.) 25.73 35.87 34.73 70.60
Tribune (Dry) 22.37 37.40 35.80 73.20
Tribune (Irr.) 2310 37.27 35.67 72.93
Garden City (Ory) 23.60 35.03 36.70 7..73
Garden City (Irr.) 22.57 37.57 35.97 73.53
Mean 23.58 36.71 35.67 72.38
Std. Dew. 1.51 1.67 1.10 1.45
LsD 1.85 2,52 1.69 7.93
1982 23.79 36.47 35.83 72.29
1983 23.67 36.47 35.80 72.27
1984 23.55 37.29 35.27 72.56
Mean 23.67 36.74 35.64 7237
Std, Dew. 1.43 1.50 1.08 7.40

L5D 0.97 .99 0.72 0.95
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gl A B4 B F Fort Hays 9] 7 g (erh

A7 AE 1 21.67%, el A8 1 23.13%)7 71-:5}
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L g

wroksd Wb Colby (I 5% 74 28 (k= W7}
BB 2 25.73%, d|2]vh A4 1 26.40%) Aol ch (Ta-
bie 4, 5). Fort Haysel 74 717 22 /A 2rls
(74.1%)2k Hl2in} $846.5%)% B F g o) A
A B e} UAE S TR A A F8-2 Tribune
(Irrye] 7}aF =¢bc} (55.80%) (Table 4, 55, Belleville,
Tribune(irr.), 28] = Garden City (Dry) &2 84 &
& 3.00ppme} @yl o vHE UES 25 3.00ppm
o] &}sd vk (Table 5).

Colby (Irr)), St. John, Garden City {Dry), 2.2] 2 Belle-
viled 2 28] Alxgd ~atAlEle] xeife g &4
FeFg Bl 5.5~5.6% Aol 2 B S (6.4%)]
B 3hed wrelo ), Colby(Dry)el Tribune (Dry)Z-2 7.
2%} 7.9% 24 =lqtel vsled o] Eglol(Table 6).
Fort Hayss}l Belleville 2 A6 4~dAE2] Axy

Table 5. Yields of fraction and pigment in farina frem rofler milling of HRW wheat sample (10X 2kg from each wheat sample)
composites variety and iocation grown 1982, 1983, and 1984 in Kansas

Brant%)  Over 34W(%) Total farina(%) Flour  Total extraction (%)  Pigment {ppm}
Nariety
Arkan 24.40 19.40 45.57 10.37 55.93 2.89
Newton 26.37 19.50 42.67 9.83 52.50 2.71
Larned 24.03 20.00 44 .87 9.40 5427 3.00
Eagle 2393 20.80 45,67 9.20 54.87 2.63
Scout 66 23.67 19.73 45.40 9.30 54.70 2.79
Vona 26,57 20.33 42.40 9.77 52.17 2.87
Centurk 78 25.23 19.50 44.13 9.40 53.53 3.23
Mean 24.89 20.00 44 3G 9.61 54.00 2.88
Sid. Dev. 1.25 0.85 1.66 0.48 1.60 0.22
LSD 1.13 1.52 2.16 0.59 2.01 0.26
l.ocation
" Belleville 25.90 19.80 4427 9.53 53.60 3.70
Fort Hays 23.13 20.60 46.57 9.23 55.07 2.91
Hutchinson 26.2C 19.63 43.27 Q.83 53.10 2.49
St. John (Dry 25.80 20.23 44,37 9.63 54.00 2,78
St John () 25.20 20.33 44.63 9.60 54.03 2.86
Colby (Dry) 24.97 19.73 43,60 10.27 54.07 2.68
Cotby {ler} 26.40 2113 44 .30 10.03 54,33 2.92
Tribune (Dry) 24.57 21.67 4520 Q.50 55.70 2.47
Tribune firr.) 24.43 20,90 46.10 9.70 55.80 3.04
Carden City (Dry) 24.63 19.80 44.70 9.07 54.23 3.04
Garden City (ire.) 24.07 20.67 45.57 9.17 54.73 2.94
Mean 25.03 20.37 44.78 9.60 54.33 2.84
Std. Dev. 1.20 1.00 1.51 0.54 1.31 0.24
LSk 1.45 1.58 2.35 0.84 2.24 0.25
1982 2513 19.96 44,61 9.52 54.13 2.80
1983 24.95 20.42 44.77 976 54,67 2.04
1984 24.83 20.30 44.50 9.53 53.81 2.82
Mean 2497 20,23 44 .63 9.60 54.20 2.85
Std. Dev. 1.21 0.95 1.56 0.51 1.42 0.23
1.5D (.82 0.64 1.06 .34 0.24 0.15
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Table 6. Characteristics of cooking quality of farina spaghetti which made from HRW wheat composited by variety and lo-

cation grown 1982, 1983, and 1984 in Kansas

Cooked weighti{g/10g)

Cooking loss(%)

Pigment{ppm)
13min. 23min. 13min. 23min
Variety
Arkan 2.26 27.47 3217 5.83 12,60
Newton 2.33 26.97 32.30 6.97 12,77
Larned 213 27.33 32.13 - 5.80 i1.37
tagle 1.80 2713 32.10 5.87 11.37
Scout 66 1.57 26.87 31.83 7.43 14.30
Vona 2.16 26.87 31.40 7.33 14.77
Centurk 78 2.31 27.00 32.53 5.93 1G4.53
Mean 2.14 27.09 32.07 6.47 12,53
Std. Dev. 0.23 0.40 (.89 .96 2.36
LSD 0.29 0.69 1.71 1.37 382
Location
Belleville 2.32 27.23 3393 560 2.43
Fort Hays 2.15 27.57 32.30 6.00 1503
Hutchinson 2.03 26.93 31.27 6.73 14.97
St. John {Dry) 2.11 26.90 33.10 6.67 10.80
St. john {irr.) 2.09 26.73 30.33 7.20 15.77
Colby (Dry) 2.0 26.47 29.63 7.87 17.37
Colby (Irr.) 2.28 26.77 31.97 5.53 10.83
Tribune (Dry} 1.81 27.60 32.60 7.33 15.57
Tribune (Jrr.) 2.34 26.83 33.00 5.87 9.47
Garden City (Dry) 234 27.23 32.33 5.57 11.93
Carden City (Irr.) 2.16 27.13 31.80 6.40 11.50
Mean 2.15 27.04 32.03 6.43 12.88
Std. Dev. 0.22 0.56 1.66 0.96 3.47
LSD .37 0.89 2.33 1.18 4.02
1982 2.03 2713 32.19 6.69 13.11
1983 2.19 27.01 32.28 6.21 12.38
1984 2.22 27.03 31.66 6.44 12.73
Mean 214 27.06 32.04 6.45 12.74
Std. Dev. 0.22 0.50 1.40 0.95 3.07
Lso 0.14 0.34 0.94 0.64 2.08
Ourum 4.84 27.10 32.90 6.10 8.90

Zvr] 40.77kN/m?, 39.10kN/m?*s] &<l #]sle] Tribune
(O] 8= 29 87kN/mt 24 7L (36.24kN/ )
o ulsled #felr) 9ladr) (Table 7). Bellevilled = A3
H ~vAE e F9 ARAE 7220N/mRA Zha o
2 zh-& elgigl ot Tribune (Dryyd o) A AlE 7
£ 1.254N/mP R 713 E2 ghE bl o) (Table
7). Bellevilled 2 A 2g 2ulAele] e £ 97 F
47] 5 gheke 1982, 1983, 28] & 1984d HFe] o}
E 7ol vlale] A2} 40% A E wgbut. wiwded Colby
{Dry), Tribune {Dry), Saint John {ir.)2] 74 -5 3§ el ]
31ed 30% A grokch (Table 7). 239 B9k (lrrigated
land)®] 72 Garden CityE A 2] 3} 2 ol 8] #hgko)
=o}A] |72k Bk Dry land)ell 8] sted 2] Fo] o)

EAe] %Hg Lo FelvhTable 6, 7).

AR A7V ol & Aol 8 FFolt 7
AA o] @ Aolol Wl T daFE B g I
% glgd7) W o o4 elolA) A S ST} (Table

3~7)
o oF
= =
AAb2 7l 3 22 AL Arken, Eagle, Scout 66
9 A9t A ¥ B (LR, deuhe] SEEe] on,

Newton3} Centurk 787} & A 3 =& & B o F¢v}.
A9 E42] A, Fort HaysellA] <85 Qo] 717
okF3bei oo o) Wksle] HutchinsonsllAf &3 2
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Table 7. Characteristics of cooking quality of farina spaghetti which made from HRW wheat composited by variety and lo-

cation grown 1982, 1983, and 1984 in Kansas

Total organic matter (%)

Cutting stress (kN /m?)

Stickiness (KN /m7)

13min. 23min. 13min. 23min T3Min.
Variety
Arkan 2.07 5.87 34.37 20.40 918.3
Newion 2.03 5.67 36.93 21.17 1022.0
Larned 1.50 53.03 39.13 21.97 Q153
Eagle 1.57 5.33 37.70 21.33 12193
Scout 66 217 5.57 37.90 21.67 888.3
Vona 270 5.30 34.80 20.37 1070.3
Centurlk 78 1.40 5.10 38.63 21.80 834.3
Mean 1.8 5.35 37.21 21.24 9811
Sted. Dew. 0.52 0.64 231 0.87 183.2
LS 0.68 1.02 3.60 1.29 2796
Location
Belleville 1.10 290 39.19 2317 7320
Fort Hays 1.93 492 ART7 22.70 962.7
Hutchinson 1.93 5.80 1737 20.93 969.0
St John (Ory) 1.90 5.50 36.37 18.87 142.0
St. John (Irr.) 2.60 6.00 32.67 20.70 1031.0
Colby (Dry) 2.63 6.27 35.47 19.97 990.0
Colby {irr.) 177 5.17 37.67 22.07 981.7
Tribuine (Dry) 1.70 6.00 . 29,87 15.67 1254.0
Tribune (brr.) 2.00 5.07 38.43 22,40 950.0
Garden City (Dry) 1.60 3.93 36.30 20.93 871.0
Garden City (Irr.) 1.90 4.87 34.67 20,10 1057.7
Mean 2.0 5.22 36.24 20.68 9901
Std. Dev. 0.62 0.92 3.74 2.24 193.0
LSD 0.84 1.02 4.33 1.89 263.3
1282 2.07 5.42 3593 20.64 1020.0
1983 1.80 5.26 36.64 21.33 967.6
1984 212 5.38 37.29 20 73 972.3
Mean 1.99 5.35 36.62 20 90 986.6
Std. Dev. (.58 0.83 3.20 1.84 187.6
LSD 0.38 0.57 215 1.24 126.9
Durum 1.10 270 45.90 26.40 674.0
o] 71 FE S5 s BT go) AFE 53 el A48 oH s, 4
bl ‘f—i 5 A4 A= FHL 245 chaydl el Mg FaF B4 A Ands B
of 2 A% Centurk 78, LamedFo0] 714 FEFAAA ¢ DG A7 ok & ATk Yol = P2} Ashiy A
7 Vonash Arkeno] 71 2@ S-S o + A 2E NaAAE AER D 13% ol AL T
Aold B4 v 2ste] & AT Belleville, Fort Haysx]  #Ab~ ZAWE AsiAe Aze] 2 Agacol
o ol Ak ok skl oo, vl Colby(Dry), Tribu- =t Al Aol Al -S4 b8k s}l 9] Azr) 755t
ne(Dry)e] W& AZY mubAEe] Bl 7Y et ks A ANGTE = AR S F28 Lol
7le 2 eyl 728 wF (rigated land) 8] 5] 4 71 st Axls e el AutAE S Azt
Absk] 92 & (Dry land)ell wiste] thaA 22 wiwla diel] o] b vl vk ald G AARRAE
ghape] obal opale] sl Ale] Azs) AAgeiae). HAREz B2 B3 o4k A TBAL el ofg
Rl talel] AALL BHBRA 23A B A Fghg o ¢ Al
oy B &4 AEE Aol8 M2 ART[A = A =g Tao] A El T o Ao o] Birl:
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