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Fig.1 Picture of nine wheat germ samples

2.2 FEFHEANERFHEERS

AN FE N IR 2R SRR 2. IRk 3
mi A B R 2N, NI S TR A RO 2
TIKEAE 8.45%~14.45% 2 [0, “F¥IH 12.10%; &R
S B BOAE 26.87%~36.41%2 [M784k, 144 33.07%,
Zrind (P<0.05) ; /N ZFNEIG BT 73 27E 8.27%~
12.85%I0) 254k, A6 5 432 134 10.68%, b J7 5 12.85%,
FA T A2 1) 11.13%; /N ZF IR A3 4.55%~6.12% 2
8], JbJr &K 5.02%, JbTHEH 6.12%, ™
TI4H 5.30%, ZRiE#E (P<0.05) .
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Table 1 Estimation of wheat germ production in China main wheat producing areas
e} IE:S i LR SiEld (S ikl ol IR )i BIE it
Tk /7 t 1246.7 1129.7 679.1 505.0 496.6 225.5 193.5 143.1 139.9 115.4 113.6 49 88.1
AN IR ZE 5 % 0.30 0.4 0.3 0.3 0.45 0.40 0.12 0.38 0.60 / 0.1
INFEREE PR T t 534 6.46 2.91 2.16 3.19 1.29 0.33 0.78 1.20 0.00 0.16 23.82
e DU 4 SR AL e R A BeAT 2 B
2 ARFHHRNERFHEEEFTHS
Table 2 Proximate composition of commercial wheat germs from different producing areas

[iE S IKGM% AT % HLIR /% WGy I% o E T W (ugg™) i

1 13.65+0.46% 36.41+0.24° 10.4140.43° 5.27+0.09% 222.61+15.91% B VRS

2 14.45+0.10°* 26.87+0.49" 8.27+0.11¢ 4.55+0.08" 187.80+23.16° b5 45

3 12.24+0.03* 34.37+0.15¢ 12.04+0.73° 5.18+0.09¢ 230.66+12.86% b5 45

4 13.67+0.03° 30.36+0.28° 12.00+0.28" 5.10+0.08% 232.62:+ 0.54° b5 45

5 13.06+0.05%° 35.3020.19° 12.85+0.08° 6.1220.07° 401.74+ 9.68° bl vt ==

6 12.53+0.10%° 33.46+0.16° 12.76+0.70%° 5.70+0.08° 282.42+10.36" CRES

7 9.85+0.05° 34.44+0.22° 11.64+0.31° 5.1140.09% 266.19+ 2.59° R A

8 8.45+0.06° 33.35+0.16° 10.39+0.57° 5.36+0.04° 231.03+ 1.99% A

9 11.02+0.02% 33.04+0.59¢ 9.72+0.17° 5.03+0.01° 203.66+28.13% ENESS

A 12.10+1.97 33.07+2.87 11.12+1.53 5.27+0.44 250.97+63.38 /

e AL RUBN. K0 o /EAMEBIEB LTI n=3; AMBUERMZERE as by ¢ R, MERTFRFERRERELRZESR (P>0.05) .
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i, Zn SEIEHERI 20 5, Fe S ELMEHFIN S %, Mn
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Table 3 Mineral content of commercial wheat germ from different producing areas

mg-kg'1
— ,
TEATK i Y O 2T &%%ﬁm,gﬁzgg
1 2 3 4 5 6 7 8 9 S
Mg 3140 2 958 2864 1197 3449 3 650 2 842 2777 3621 1197 3650 2944 25.04 280
Ca 478 357 320 148 415 225 380 366 487 148 487 353 31.33 180
K 8 687 9961 11696 4394 11001 14363 14157 13855 8422 4394 14363 10726 30.56 1050
Cu 3.48 8.48 2.66 3.65 1.77 291 8.48 0.90 1.88 0.9 8.48 3.80 73.40 1.7
Fe 84 47 98 32 2.6 84 75 32 3.7 2.6 98 51 70.29 10.5
Na 340 97 152 81 85 96 63 100 129 63 340 127 66.21 9.8
Zn 145 157 187 48 228 222 202 156 163 48 228 168 32.09 7.8
Mn 287 194 304 39 338 251 207 284 171 39 338 231 39.18 6.5
Pb(><10'3) 90 33 21 37 54 39 28 144 16 33 144 48 91.31 —
Cd(X10'3) 3.1 31 57 — 34 104 33 178 16 3.1 178 57 101.04 —

F: Tt

2.4 AEF=HEF/NEZ SR BE AR ER A X

FHE 4 T UL, 9 ANEE L 1 I 17 1 40 R 1) A AR S (B =
TR 16.59%, FARVHIR 0.13%, WARTR Y 0.62%, A9
ATATL SR 5 13.39%F0 1.36%, VIR 58.34%, a-
WHKIR 6.49%. AEREPIR S EFE, BRI

80%LA I, o ZAERIRNIR & SRR 64.82%.
WAL & Z . bEER . MIAE S RKRAREXT 9 4
Pt 00 5B 07 R 2 et LE R I, B oS SRR A A —
WS RESBEFEUN, HEBRSELEEER
(RSD<10%)
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Table 4 Fatty acid composition of commercial wheat germ oil from different producing areas
%
1‘%55 R iR R TR TR WlER - FRE AR ol BAMLH - AR

s C16:0 Cl6:1 C18:0 C18:1A9 C18:1A11 Cl18:2 Cl18:3 C20:1 g JilEfi%i] JilEfi%i]
1 16.41 0.20 0.58 12.30 1.36 58.20 6.80 1.28 2.87 80.14 65.00
2 16.78 0.22 0.72 14.19 1.30 58.71 4.85 2.10 1.13 81.37 63.56
3 16.09 — 0.60 14.78 1.35 58.48 6.43 1.50 0.77 82.54 64.91
4 16.41 0.20 0.65 13.43 1.24 59.45 5.94 1.12 1.56 81.38 65.39
5 17.96 0.17 0.61 12.92 1.35 57.15 7.35 1.35 1.14 80.29 64.50
6 16.21 — 0.51 12.65 1.44 59.69 7.10 1.44 0.96 82.32 66.79
7 15.93 0.21 0.63 12.96 1.36 59.45 7.36 1.24 0.86 82.58 66.81
8 17.00 — 0.63 12.90 1.52 58.44 6.37 1.26 1.88 80.49 64.81
9 16.55 0.18 0.61 14.38 1.28 55.47 6.17 1.42 3.94 78.90 61.64
PIME 16.59 0.13 0.62 13.39 1.36 58.34 6.49 1.41 1.67 81.12 64.83
TRERY%  3.68 9.47 9.12 6.43 6.20 2.28 12.28 20.05 63.84 1.55 2.44
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INERZEE AR MR, BDREERAKR |
Sy G, HAHH EE S FAO/WTO BARRE S, b i3 Bk
& EAR A 5 AR ML A ZURITE: 5T AR 41
BT BN 75 2 (0 5 o 0B SR VE A bR AR K, TR
FAO/WTO ) , Jem E M ki (. N2

4 B

IR SR 28.69%, H TR AR AR

1973 4EWFST L
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Table 5 Hydrolyzed amino acid content of commercial wheat germs from different producing areas

IR, Hrp o IR AR

RO 0L Y P S E
%, HF R
2 BRI 4 SRR R TR R,

g

=]

=R

2 R T BUE 2.10%
ERFE 9 MERARTRE, KIUEZIR . B R A
GRAEASA] 7 /N2 R 24

FEEREN 2 SHMER
M

VN R

RE M E. 54 64 93X 3 ML A LR

A, TR
PR R AREC  S.

R ARG, 9 MR 17

g-100g™!
AR Aok I BR T BRRE%
1 2 3 4 5 6 7 8 9
SR e 1.17 0.98 1.13 1.07 1.25 1.21 1.18 1.17 1.26 0.98 1.26 1.16 7.64
HE R Met 0.50 0.34 0.52 0.44 0.49 0.47 0.45 0.43 0.58 0.34 0.58 0.47 14.24
A5 Val 1.70 1.43 1.66 1.54 1.85 1.81 1.71 1.71 1.84 1.43 1.85 1.69 8.19
KNSR Phe 131 1.18 125 1.24 1.37 1.34 1.30 1.29 1.42 1.18 1.42 1.30 5.55
SLE R Leu 2.10 1.77 2.03 1.95 222 220 2.10 2.11 226 1.77 226 2.08 727
IR Thr 1.33 1.06 1.30 1.19 1.46 1.41 1.33 1.33 1.46 1.06 1.46 1.32 9.76
iR Lys 2.11 1.55 2.09 1.80 2.45 231 2.16 2.09 2.35 1.55 2.45 2.10 13.31
1% His 0.94 0.75 0.87 0.87 0.94 0.91 0.85 0.91 1.03 0.75 1.03 0.90 8.55
FEHR Arg 2.64 2.12 2.52 231 3.09 2.74 2.58 251 2.75 2.12 3.09 2.58 10.69
KITAER Asp 271 2.14 273 244 3.14 2.77 2.75 2.65 2.88 2.14 3.14 2.69 1033
it 2 Cys 0.21 0.20 0.19 0.22 0.18 0.22 0.19 0.22 0.22 0.18 0.22 021 7.73
B Glu 472 470 452 475 5.07 4.63 4.56 4.54 5.19 452 5.19 474 498
25 Ser 1.39 1.18 132 1.30 1.48 1.44 1.36 137 1.52 1.18 1.52 1.37 743
H 2% Gly 1.84 1.50 1.79 1.64 2.02 1.95 1.81 1.81 2.00 1.50 2.02 1.82 9.24
WA Ala 2.02 1.58 1.96 1.78 221 2.15 2.01 2.02 223 1.58 223 2.00 10.43
P 28 Tyr 0.81 0.67 0.75 0.75 0.82 0.82 0.78 0.80 0.85 0.67 0.85 0.78 6.87
Jii %2 Pro 1.18 1.86 1.32 1.25 175 1.83 1.66 1.16 1.37 1.16 1.86 1.49 19.24
M TR 10.21 8.31 9.98 9.22 11.10 10.74 10.23 10.13 11.17 8.31 11.17 10.12 8.96
MR 2869 2500 2794 2655 3179 3019 2879 2815 3121 2500 3179 2870 7.52
e AR
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Table 6 Microbial content of commercial wheat germ

cfug’!
FE R BT B2 FHW 352
1 8.3x10* 1.9x10° 3.1x10°
2 8.8x10* 2.7x10° 8.0x107
3 1.4x10* 8.2x10° 2.0x107
4 9.0x10° 7.0x10° —
5 7.1x10° 2.0x10° 1.3x10°
6 7.7%10° 2.1x10° 8.0x10°
7 1.8x10* 7.2x10° 6.0x107
8 45%10° 1.9x10° 2.0x107
9 7.1x10° 2.4x10° 6.0x107
e 4.5x10° 1.9x10° —
SO 8.8x10* 8.2x10° 3.1x10°
STy 2.65x10* 3.9x10° 8.0x107

VE: NI B BT 2T

2.7 TRNERRG BRI BRI

£ REPNE/NSIDSIE TR SN N 9171 G s ot 8
A A AR NZZ IR ZE LY 5 000 t, AFARE/NZE IR 2 AR
FEAE 250 t Zidy, HNARAF ISR BB R854
(R R ALTH A I ANV RIE o 6 a KX /INE IR 25 J5ORHER 1 1
FREEERER I TR W], /NI ZE P 2R (LL KOH 7)) 22.8
mg/g. FEAT, Pt/ NI ZEEURHR i B Ik N 8.5 my/g,
IMAESL T, #HEK JURE B s PR IE 60.4 me/g (R 7D
Hist Rl L, F AN R ZE IR A 52 70 . A7 TR0 TR IR 5%
LR R Gt 1 P e TG S ESEL GG 2 g TET i ) | B e VA
ARIHENRINZE R ZE AT L I ReE A AL BRI T 24

F7 AREEMNERZFEMS A ETHABRNFITR
Table 7 Statistical characterization on monthly acid value of
crude wheat germ oil of different years

(ML KOH iH)mg-g"

EN /AN
At T Ty
2006 2007 2008 2009 2010 2011

1 — — 14.6 — 14.2 11.2 13.3
2 — — — — — 135 13.5
3 — — 16.1 293 14.9 13.8 18.5
4 — — 26.7 — 30.4 16.4 24.5
5 — — - 30.1 28.3 25.1 27.8
6 — — — — 18 224 20.2
7 — 34.65 - — 333 30 327
8 — — - — 36.8 30.4 33.6
9 26.5 26.7 — — 30.1 22 26.3
10 25.7 — — — 227 19.6 22.7
11 — — 28.5 — 11.4 — 20

12 - 12.5 34.8 - 14.7 - 20.7

THIEAS T 2 A2 B v i 2 N DT PR 2 =1 2~3 A, 9
IS AL 5, BRI A 60.0 mg/g [K)/INA2 IR 2F B i 2E B R T
BEBAR 30%LL b, RN JSURH™ EE S A /N A2 IR 2
A G SR . Ak, DNERTFEELRE AR
G TT R X /N IR B = A B o Jig B A0 haa bl o

3 4 it

1 FRE R EALE 100 7t LERE 6L 11 4,
AWFFCR BN Z MRS R B FiR 9 Mg, XL
Al /NAE FACFRERIZE 1000 ¢ LA E, RESCSRIE 2, Ei
W, HAERMARRME. Trg Ry, oEAFESL
bRl R /N IRZEZ) 20 J7 t, B AR AR,
[EIIIR I | A N NS 11 i

2) XF 9 MR BT T A AR, RN IR
LRV 38 8 U R 2 50 33.07% IR i 7 40 11.12%,
o' LB TR H 250.97 uglg NEIREE, - IE
P —— 0 2 R S0 2.10% o AN [ HIL X (10 /N 22 S 28 7 43
TEARKES, W9 5K K, NERZFMIES
HEG, EATEL I MEM TR S SFE G
MRS R R, L o-EE M R s T 9 AMERTP I,
M2 S8 Qb)) BRZA Ak H AR s R, 22 hali
ANE, BAER . BRR, BRI, AH N 78 IR R
FeA%o [RIIE, TAEDTS BORULA TR 9 ARSI &
WO 2.65x10* cfu/g, F EMAMG Yt LRGN T
I FH A7 R A 1) ) 8

3) XFANERZEFRRY 6 a [MFFEEIRER R0,
HAP B (LLKOH #) 22.80 mg/g. i, &ZE@h
AN 8.50 mg/g, 1M HFEmmRITIA 60.40 mg/g. AL
T A v e 32 B2 I /I 22 W 2 il 2B 7 il 3 R AT ) 32 2
JEIR, 2 BELAS LR N 7 b K i R O e DR 2%

(& % x #

(1] EEde, FARE BN S OB IO FE K BE T AR 1 WL
WRIGHFFT]. RN TFE2EHR, 1999, 15(4): 238—242.
Dong Ying, Wang Liqun. Defatted wheat germ protein flour
solubility and water retention[J]. Transactions of the CSAE,
1999, 15(4): 238 —242. (in Chinese with English abstract)

[2] Rizzello C G, Nionelli L, Coda R, et al. Use of sourdough
fermented wheat germ for enhancing the nutritional, texture
and sensory characteristics of the white bread[J]. Eur Food
Res Technol, 2010, 230(4): 645—654.

[3] FASEIE. INPRAERE N AR I TV A K e 55K, Ak
EF M2 R 10]. AT Dk, 20102): 1—3.
Bai Meiqing. Speeding up the transformation development of
wheat flour processing industry, better service for the state’s
food security[J]. Modern Flour Milling Industry, 2010(2): 1
—3. (in Chinese with English abstract)

[4] WSO, BRIk, ANEIEEZF I RA IO A[T]. R
1., 2008, 33(3): 64—66.

Han Wenfeng, Qiu Po. Development and utilization of wheat
germ[J]. Grain Processing, 2008, 33(3): 64—66. (in Chinese
with English abstract)



%2 T REE: R E/NZE R ZE B AT BRI A IR o 249

[51 BHm, ZE-—. DNEERZE KA R T ] of stabilized Storage of wheat germ by on-line multistage
K54k Tk, 2000, 21(8): 3—6. fluidization drying[J]. Transactions of the Chinese Society
Ge Yiqiang, Cai Tongyi. Research progress of wheat germ for Agricultural Machinery, 2010, 41(1): 127 —131. (in
and its comprehensive utilization[J]. Cereal and Feed Chinese with English abstract)
Industry, 2000, 21(8): 3 —6. (in Chinese with English [10] BA/NEA, WS, BT, /N2 IR SRR B PG i g A
abstract) Y], AN, 2010(8): 32—35.

[6] KB, K, FIHEUH. NEIRZEM N ZEE E R E N Ab Hu Xiaohong, Tan Nian, Xue Shibin. Rapid determination of
TSR] M 5uills, 2006(7): 6—8. wheat germ acid research[J]. Cereals and Oils Processing,
Zhu Kexue, Zhu Zhen, Zhou Huiming. Review of research 2010(8): 32—35. (in Chinese with English abstract)
progress on oil and protein in wheat germ[J]. Cereals and [11] Engelsen M M, Hansen A. Tocopherol and tocotrienol
0ils, 2006(7): 6—38. (in Chinese with English abstract) content in commercial wheat mill streams[J]. Cereal Chemistry,

(7] BRGR, NER, GUCHL A ZEHRALER E K 2009, 86(3): 499 502.
SFE-CO, I R T 2 B9[], H IS, 2001, 26(5): [12] Amardo R, Arrigoni E. Nutritive and functional properties of

wheat germ[J]. International Food Ingredients, 1992, 4: 30—34.
[13] Czerniejewski C P, Shank C W, Bechtel W G. The minerals
of wheat flour and bread[J]. Cereal Chemistry, 1964, 41(2):

52—57.
Ge Yigiang, Sun Aidong, Ni Yuanying, et al. Optimum
processing conditions of natural Vg extracted from wheat

germ in SFE-CO,[J]. China Oils and Fats, 2001, 26(5): 52— 65—72. A

57. (in Chinese with English abstract) [14] SRL09%, I ERAITMIb AL BE & AR BRI E 21k
(81 FHiG. BEK. HNT AL HIHLR 55 R ). R 1. AL TR, 2009, 25(2): 261—266.

T, 2009, 11: 21—24. Guo Hongying, Dong Ying. Micronizing treatment of wheat

germ and optimization of extraction technology for wheat
germ protein[J]. Transactions of the CSAE, 2009, 25(2): 261
—266. (in Chinese with English abstract)

[15] Laca A, Mousia Z, Diaz M, et al. Pandiella distribution of
microbial contamination within cereal grains[J]. Journal of
Food Engineering, 2006, 72(4): 332—338.

Wang Ruiyuan. Rice and wheat flour processing industry
status and development trends in China[J]. Grain Processing,
2009, 34(6): 21 —24. (in Chinese with English abstract)

[9] fouk, o, RIEHE, 55 RN REZ ERMIRAELTE
RG], AU R, 2010, 41(1): 127—131.
Xu Bin, Dong Ying, Wu Yanbo, et al. Technology and equipment

Resource distribution and processing quality of
commercial wheat germ in China

Xu Bin!, Miao Wenjuan®, Dong Ying"*, Li Bo!, Xu Shanyuan®
(1. School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Fada Flour Group Limited Company, Xiajin 253216, China)

Abstract: In order to get a clear picture of resource distribution and processing quality of the commercial wheat germ in
China, wheat germ samples were collected from domestic large-scale wheat flour enterprises based on an elaborate
survey of China’s wheat germ resource distribution. Nutritional composition and quality difference were analyzed,
microbial contamination of wheat germ was determined as well. The results show that the amount of annual usable
wheat germ is about 0.2 million tons actually, which are mainly concentrated in Shandong, Henan and Hebei province.
The average acid value of commercial wheat germ is 22.80 mg/g, while the highest is up to 60.4 mg/g in summer. The
average water content of wheat germ is 12.10%, protein content is 33.07% (in which the average lysine content is
2.10%), crude fat is 11.12% (in which the content of linoleic acid is 58.34%), a-tocopherol content is 0.23%, total
colonies is 2.65x10* cfu/g. The scientific investigation and assessment of wheat germ resources can provide a reference
for the development of national food industry and grain process enterprises.

Key words: quality control, nutrition, agricultural products, wheat germ, resource distribution, investigation, difference



