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KA TR S (P < 0.001) BEFHIGNM(P < 0.01) , fERIMKEHARL 50 kGy KEZ&A1F T 85 ht
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[ Abstract] Objective Using different sterilization method to sterilize pig specific formula milk powder, exploring
the sterilization method and conditions that minimize the loss of nutritional components in formula milk powder. Methods
Pig-specific formula milk powder was divided into high-pressure sterilization and irradiation sterilization groups. Formula
milk powder in the high-pressure group was sterilized using different sterilization conditions and that in the irradiation group

was sterilized using different ®Co y-radiation doses. The sterility and the nutritional contents of the sterilized formula milk
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powders were determined according to national standards. Results The sterility tests for both groups of formula milk
powder were negative. Compared to control group, the crude protein contents were significantly lower in formula in the high-
pressure group sterilized at 121°C for 30 min and in the irradiation liquid group sterilized at 50 kGy (P < 0.01). The
water, crude protein, and calcium contents were significantly lower (P < 0.001) in the irradiation group sterilized at 50
kGy. There was no significant difference in the valine, isoleucine, or leucine content under 50 kGy sterilization conditions
in the irradiation sterilized group, but all amino acid contents were decreased in the high-pressure sterilization and
irradiation sterilized liquid groups (P < 0.001). Analysis of trace elements showed an increased iron content (P < 0.001)
in formula sterilized at 121°C for 30 min in the high-pressure sterilization group, increased iron and potassium contents
(P < 0.001) under 25 kGy sterilization conditions in the irradiation sterilization liquid group, and increased magnesium
content (P < 0.01). The magnesium (P < 0.05) and sodium contents (P < 0.01) differed significantly in formula
treated under 50 kGy sterilization conditions in the irradiation sterilized powder group. VE and VB, contents were increased
in formula sterilized at 121°C for 30 min in the high-pressure sterilization group (P < 0.001), the VE content was
increased (P < 0.05) and the VB, content was decreased (P < 0.001) in formula sterilized under 50 kGy conditions in
the irradiation sterilization liquid group, and the VE and VA contents were decreased in formula sterilized at 25 kGy in the
irradiation sterilized powder group (P < 0.001). Conclusions Sterilization at 121°C for 30 min result ed in the least loss
of nutritional components in the high-pressure sterilization group, while irradiation sterilization result ed in the least loss of
nutrients at a dose of 50 kGy. Comparing the two sterilization method, irradiation of milk powder at 50 kGy result ed in the
least loss of nutrient content.

[ Keywords] high-pressure sterilization; irradiation sterilization; formula powder

Conflicts of Interest: The authors declare no conflict of interest.

1589

FETEAE B ) s R R SRS T
NGB, 3 Ao 76O A8 B0 L A 4L/ 38 B S A
e B R S B g p 2 Y L M s
HRG MG REE, 5w EEAR AL, IR G TR 5 il
£ NIEAL BB o B S A L S Y
FER B R vw PR 5 ORI bR
G4y TR AU AN JSH B AR
N T LA R AR O R 1 3 B3R 48, 7F I i 72
FNT AR AT ERAE RN EZRE, AT
FLIE TR HEE W TG AR R E , SR
NIRRT R E 22— ASLR
AN K B 25 A6 & FAE 7 W0 3045 KB, #E ARAIE
RENTCHE PR ERTEE T, 3550 B 5 W58 75 5% hi 44
PSS UN PSR YO F L Y = W
WS,

1 MHB5EF=E
1.1 ##
111 B s

F7H6 % FHIBC 7 W58 (IRT R 43028 16 i A OB 4
A R w4 HiE5 . 20221011)

1.2 EZRH S

ki .C I8 W& I ¥ ( OXOID, CM1135B) |, i 2 B /iR
£ ( OXOID, CMO0391B ), Kk & & 1 Jik ( 0XOID,

CMO129B), = & H %% ( Sigma, 235962 ), N [
(Sigma, 270725) , k2 ( Sigma, H1758) , H % (i@
I, TG10022)

TUSAL DU T R R A BR A A B AL (S
DZQ-500TE) , 4li /K #L ( TCHS-10R0/70F) , 4= H I &
FEPR 3 B AN (A1-TE-2836) | =5 5% ¥ AH (5 33% A% ( TE-
2796) JEFM ML 53 GOEEE I (A1-1E-2853) 7 BT R
F(1E-2768 ), 3¢ B9, #4528, & A, iT L4, 1

234N

TR o
1.2 A&
1.2.1 4
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Table 1 Groups of pig specific formula milk
Gail KIS/ K
Groups Sterilization conditions/dosage
Xif B CUAA) -
Control goup( liquid)
R (7
. ,_JE)(EE]'H(@M:) . 121°C 30 min 121°C 40 min 121°C 50 min 126°C 10 min 134°C 4 min
High-pressure group( liquid)
B R 2 AR )
Irradiation group ( liquid) 25 kGy 30 kGy 35 kGy 30 kGy
RBKEA (B AR) y . . .
Irradiation group ( powder) 25 kGy 30 kGy 35 kGy 50 kGy
Xof HRZH (B3R

Control group ( powder)

BT E JCBA , TRAAR X 8 4 RO A X BR 20 A AR AT:
farkb 3,

P AT K AL B 5 R i — X, — 3 3% S50 3
Wy oA O AT A A, O — 1 hn 2 A X
FEZEAE ik 15 2 IR AR R AT BR A ml 177 5
B AN
1.2.3 Kk

KA A B 2 TR o3 A AR N 28 3 1R 1 % i
(A AR Y BH 25 B Al s Ui . 28 1.0. 40 mL/
min, %% 2:0. 35 mL/min; $FAEEE .20 pl) o =8OR A
TSR 4 A= R (B34 . C18 150 mm x 4.6
mm 5 pm; HiLi# ;1. 0 mL/min; FEFE .20 pL) . JZT
WG BRI R T R i W R
RS o 1 I N7 N S0/ I [ s e A R
SR S
L3 SitESH

GraphPad Prism 7. 0 #4547 i 21k 73 A, R 7 22
IIHTHCBCLIRIZZ 5 P < 0.05 WA SRR,

2 H#E

2.1 L

F LR K B A5 1 K T L T W, # B GB/
T14926. 41 . 43—2001, GB14922. 2—2011 #4754
ARASK, KSR G4, WK 2,
2.2 BEMEFHES
2.2.1 REEKEA

X BAAR G, B R K H 2 121°C 30 min ML
H & BRI e 2% (P < 0.01),134C
4 min HHEASERKAREEZR (P <0.05),
HABAH A & S PR A 22 5% (P <
0.001), 126°C 20 min M AE Wi &\ ¥ m (P <
0.01) , HAth 2H HLAE 7 & & B3 fm (P < 0.001),

TILE R + FRUEXE (2 = s) Fon,  121°C 40 min HLRAM SR EIK(P < 0.05),121C 50
®2 MUEMRINER
Table 2 Results of microbiological tests
K A (A i W R 2H AR ) AR (R)

High pressure sterilization group (liquid) Irradiation sterilization group (liquid) Irradiation sterilization group ( powder)
KL KB 1A ( mi A (KGy . . .
KIRIRECC) - KA nin) gy WEREGC) oppem g (koy) Rz

Sterilization Sterilization Test results Radiation Test results Radiation dose (kGy) Test results
emperature ( C ) time (min) est results dose (KGy) est results adiation dose y est results
30 Kﬂﬁ 25 Kﬂﬁ 25 Igﬁ”i
Negative Negative Negative
121 40 Pt 30 Pt 30 i
Negative Negative Negative
50 [9:”’1: 35 mﬁ: 35 mﬁ:
Negative Negative Negative
126 20 it 50 i 50 i
Negative Negative Negative
134 4 DItk / / / /

Negative
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min 126°C 20 min F K5 & &L (P < 0.001)
121°C 30 min,121°C 40 min 121°C 50 min HLZF4E7
FHHN(P < 0.001),126°C 20 min KLLF4E 5 H AR
(P <0.01), 121%C 30 min 121°C 50 min S0 & &
HAN(P < 0.001),121°C 40 min £5 & &K (P <

0.01). B H KK 134C 4 min Fl 121°C 30 min
HEHE A& R AR, 134°C 4 min KE LU TA
6 Pl BB I o & AL TE B E R 22 5, b R
BEFR & W /b, HIRGE 1219C 30 min 40
(WF%3),

®3ERKEA RS TR &

Table 3 Conventional nutrient content in the high pressure sterilization group

4 Ko (%) HUR S (%) MM (%) RN (2/kg)
Groups Water content( % ) Crude ash (%) Crude protein (%) Crude fat (g/kg)
s HBZH (W
., FHRRAL( (ﬁiﬁi) . 85.20 + 0.46 4.36 £ 0.00 17.78 £ 0. 10 107.3 £ 0.00
Control group (liquid)
1210(,: 87.12 + 1.04 4.30 £ 0.05 17.11 £ 0.19™ 133.33 + 9.87 "™
30 min
121C « . ok
. 85.40 + 0.48 4.18 £ 0.00 16.78 £ 0. 16 134.93 + 1.94™
40 min
= R K 4 "
. m}?Il.il.ﬂ. 1210(,: 86. 65 + 0.60 3.99 + 0.05™" 16.71 £ 0. 11 141.79 = 1.06 ™
High pressure sterilization group 50 min
12
60(.: 86. 14 + 0. 64 3.67 = 0.00 " 16.72 = 0.16 ™" 125.54 + 0.51™
20 min
1340.(‘ 85.69 + 0.52 4.48 + 0.05 17.23 £ 0.20" 138.54 + 3.44™"
4 min
25 HLF4E (%) AL (%) B (%) 5 (g/kg)
Groups Crude fibre (%) Nacl( %) Total phosphorus (%) Calcium( g/kg)
T REZH (W
XT,M,E((&PF) . 1.71 £ 0. 05 0.80 £ 0.12 0.49 + 0.01 6.08 + 0.06
Control group (liquid)
1210(.: 3.29 £ 0.16™ 0.82 + 0.00 0.59 + 0.01™ 5.99 +0.17
30 min
1210(.: 2.53 £ 0.10"" 0.83£0.14 0.46 + 0.01 5.46 + 0.07™
40 min
EEKEY
. ,_JE)([.E.'R. 1210(.: 2.61 £0.11" 0.79 + 0.00 0.68 = 0.01 " 6.13 + 0.04
High pressure sterilization group 50 min
1260(; 1.22 £ 0.10* 0.75 £ 0.01 0.47 £ 0.00 5.99 £ 0.12
20 min
1340.(: 1.81 £ 0.10 0.84 +0.15 0.47 £ 0.01 6.10 = 0.05
4 min
L SRR, P < 0.05," P < 0.01, ™ P <0.001, (F£R)

Note. Compared with control group, “P < 0.05, ™ P < 0.01, ™ P < 0.001. (The same in the following tables)

2.2.2 FRIECKHEH

5 FEZE AR LE 4 BECOK TR AR 21 25 kGy FlT 35
kGy 4 Koy & AR A R B E 22 5 (P <
0.001) ,30 kGy 2H KL K 53 5 f2: BEAR HL A e b 35 Pk
ZH(P<0.01), 30 kGy 135 kGy HMEH &
MK (P < 0.001),50 kGy 41 KL 11 & & BRI
(P <0.01), 25 kGy.30 kGy A1 50 kGy 41 HLIE I
FRB(P < 0.001), 30 kGy ZH HL4T 4k & &8 W%
REABEMZER (P <0.05) .35 kGy 21 HL4TF 4k
FRBEANI(P < 0.01) .50 kGy ZH A 27 4k & = 48
(P<0.001), MBEAE 25 kGy & &8N (P <
0.001) 30 kGy ZH & #FE(R (P < 0.01) .35 kCy
HEEEE(P < 0.05), 30 kGy il 35 kGy 4145

TRBEAN(P < 0.001) .50 kGy 41 45 & & 14
(P <0.001), &K ALK HE A
SRR (P < 0.001), 25 kGy #1 35 kGy
MK 4T S RN (P < 0.001),30 kGy £1 50
kGy ZHHLIK 73 & BN (P < 0.01) , %8 MK
WKL 50 kGy K& T RAME A& &I
%, W8 FLE 37 U & B S e A/ o RO T R
R 25 kGy KB & F T K A E A& &
AR D, X8 F% o & B 1Y 2 e i /)N R 2
50 kGy H (W% 4),
2.3 RE®R

1R FEZR VR K B RN Co 5 BE K BN S LR 1 1t
JRI s (R 5,3 6) .
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Table 4 Conventional nutrient content in the irradiated group

25 KIF (%) IR (%) HEH (%) MR (g/kg)
Groups Water content( % ) Crude ash( %) Crude protein (%) Crude fat( g/kg)
R ZH (W
XTMVE(MMZF) . 85.20 = 0.46 4.36 = 0.00 17.78 + 0. 10 107.3 £ 0.00
Control group (liquid)
25 kGy 86.92 + 0.75 3.78 £ 0.05" 17.54 + 0. 09 137.40 + 3.24 ™
= I T A4 . -
iR R A 30 kGy 86.63 + 0. 52 4.14 £ 0.05* 16.94 + 0. 11 141.79 + 1.06™
Irradiation sterilization .
liquid er 35 kGy 86.31 = 0.99 3.91 £ 0.05*" 16.76 + 0. 10 ™~ 114.96 + 0.52
iquid group
50 kGy 86.98 + 1.07 4.31 +£0.05 17.13 + 0.08 ™ 135.50 = 0. 54
B ZH (#y
HHRALOBIA) 4.09 + 0.03 4.26 + 0.01 20.32 + 0. 04 141.33 + 2.88
Control group ( powder)
e 25 kGy 3.71 £ 0.01 ™ 4.82 £ 0.08 ™" 17.79 £ 0.01 ™ 140.04 + 0.59
m‘ﬁlﬂ/{mﬂifﬂ 30 kGy 3.69 £ 0.05™ 4.57 +0.02™ 17.36 + 0. 03 ™" 141.02 = 13.36
Irradiation sterilization . ) .
d 35 kGy 3.68 £ 0.01 " 4.81 = 0.01™ 17.10 £ 0.03 " 146.27 + 0.29
powder group
50 kGy 3.70 £ 0.02 " 4.53 +0.04™ 17.46 + 0.02 ™" 143.15 = 0.29
251 A4 (%) FALE (%) S %) 5 (g/kg)
Groups Crude fibre( %) Nacl( %) Total phosphorus( % ) Calcium( g/kg)
apilE
AL G 1.71 = 0.05 0.80 = 0.12 0.49 + 0.01 6.08 = 0.06
Contlol group (liquid)
25 kGy 1.41 = 0.06 0.81 = 0.01 0.57 £ 0.02 ™" 6.01 = 0.20
e HRK Y 4 .
ﬁ‘ﬁm{&ﬁ:’E 30 kGy 1.34 £ 0.09° 0.80 = 0.00 0.43 +0.01™ 5.13 £0.18*
Irradiation sterilization . . -
Lo 35 kGy 2.15+0.05* 0.75 + 0.01 0.45+0.01° 4.95 + 0.04™
liquid group
50 kGy 2.29 £ 0.11* 0.92 + 0.16 0.50 = 0.01 6.88 £ 0.18*
s RRZH (K
R CBIA 1.70 = 0.03 0.90 = 0.00 0.48 + 0. 00 5.52 £ 0.01
Control group ( powder)
. 25 kGy 1.72 £ 0.07 0.87 £ 0.00 0.48 = 0.00 4.69 + 0.05"
P T B Sk 4]
MK B AL 30 kGy 1.68 = 0.02 0.93 = 0.00 0.49 = 0.00 4.33 £ 0,04
Irradiation sterilization e
35 kGy 1.66 = 0.03 0.90 = 0.02 0.48 + 0.01 4.29 £ 0.03™
powder group
50 kGy 1.75 = 0.04 0.90 = 0.02 0.48 + 0. 00 4.68 = 0.06 ™
2.3.1 HRKE SRR G EFEREA RFEMLEESR (P <0.05),
5% e, &R K # 4 AE 121°C 40 min, 126°C 20 min A HE AWM T =GN (P < 0.001),
121°C 50 min . 126°C 20 min F1 134°C 4 min &4 121°C 40 min A1 121°C 50 min Zﬂﬁ’ﬁﬁié‘iiﬂnw
H 8 PP LR & R B H: ﬁ%‘f&kﬁﬁw < <0.01), 121°C 30 min 204 5 Fha 5 & i L H
0.001), 121°C 30 min ?ﬂﬁ 3 %ﬁlﬂ;\% R AN X E SRR F R N (LR 5)
(P <0.001) 3 Fpag 3Em e 2.3.2 HREKEEAH

P BEIR 5 e PRI A 3% ﬁ%#(P < 0. 01) S SR BREE AR LE R IR KRR AT 7 P IR
x5 EEKEHETERILE
Table 5 Loss rate of amino acids in high pressure sterilization group
205 AR SR HER  wRdAR wER RNER OBER HEHR it
Groups Threonine Valine Methionine  Isoleucine Leucine  Phenylalanine  Lysine Histidine Arginine
o IR ZH (W AA
M HRALC (&14&) . 0.71 0.73 0.17 0.65 1.23 0.69 1.09 0.33 0.51
Control group (liquid)
. 10. 04 6.58 =7.90 4.75 3.34 -12.93 30.07 -13.68 31.74
30 min
I 40 min 13.72 16. 68 -4.69 14.98 15.21 24. 50 35.24 17.93 31. 64
= K 2
High S 121°C - s - . - . - - -
187 prossute C 18607 25.34™° -4.39™ 20,90 20.10 26.537"  39.67°"  21.88 38.65
sterilization 50 min
group 126°C
. 4.67™ 10. 11 -9.36™" 7.727 5.74" 12.53 " 22.53™ 9.12™* 16.16 ™
20 min
134C . . . . v . v .
12.94™ 15. 00 -0. 88 12.317 15. 08 25.07 36. 65 23.10 37.88

4 min




o [ S0 sh 2R 2023 4F 12 A5 31 H55 12 8] Acta Lab Anim Sci Sin, December 2023, Vol. 31, No. 12

1593

SHYERAEAN LR EEZER (P <0.001), *
SERRAE 25 kGy F1 50 kGy K M4 F & B PR H
AW BEMEZS (P < 0.01),1F 30 kGy 1 35 kGy
KE SN TS REEE(P < 0.001) . 25 kGy .35 kGy
150 kGy MR =B (P < 0.001),30 kGy
HEARFTEIGM(P < 0.01), 5K EB KA
AR HIRC(P < 0.01) , B S P
< 0.001), 25 kGy 404 4 P M & B (P <
0.001) 4 PP e FER & S ML (P < 0.01), HHE
FR7E 30 kGy 1 50 kGy KB &4 F MK (P <
0.001),7E 35 kGy KW & F & &AM (P <

0.01) ., ANEBAE 30 kGy KA THM(P <
0.01) ,7E 35 kGy F1 50 kGy K &1 F & &
(P <0.001), 30 kGy .35 kGy H150 kGy K &1+
MHRRGTEBIN(P < 0.01) , FAMKTE 30 kGy
KM T SR (P < 0.01) ,7E 35 kGy il 50
kGy KW &AM T o mBEMAEAREMNZR (P <
0.05) , M KE AR 25 kGy 404 4 Fp & KM
/I H A A BE KRR 4, SRR 1 B R W /N,
& 50 kGy 41, 5 MK M AR 4L 50 kGy 414 S
PR LR 452 /N T HAb AR BOK B 4, /5 & &=
/N WK 6)

&6 RIMIHH A IEIRIUR F

Table 6 Loss rate of amino acid in irradiated group

415 AR SR R SRR AR
Groups Threonine Valine Methionine Isoleucine Leucine
G REZH (7
; XTRAL( {MF) . 0.71 0.73 0.17 0.65 1.23
Control group (liquid)
e 25 kGy 6.86 " 8.32* -35.39 " 6.95* 9.21*
SRR TR AL 30 kGy 21,29 21,97 -4.97" 20,21 22,84
Irradiation sterilization K e e o ” ;
liquid group 35 kGy 18.39 21. 41 -7.31 19.52 19. 49
50 kGy 7.78** 8.88 " -16.96 *** 7.02*" 8.80 "
AL (KA
MHRALCBIA) 0.85 0.87 0.27 0.82 1.52
Control group (powder)
s 25 kGy 7.10™ 13.75** 5.87*" 13.80 9.61™
KRB R A 30 kGy 10. 18 ** 2.70 18. 90 *** 3.31 2.62
Trradiation sterilization - .
d 35 kGy 6.93™ 3.04 3.67™ 1.53 0.92
powder group
50 kGy 7.93™ 0. 62 6.24 " -1.67 -0.78
2H 5 HKNEIR R HAER Hia R
Groups Phenylalanine Lysine Histidine Arginine
Xof BRZH (W)
Control group (liquid) 0.69 1.09 0.33 0.51
e 25 kGy 18.41™ 8.50 " 12.61* 16.26 ™
iR 30 kGy 30. 60 *** 24,50 29,94 29.80 "
Irradiation sterilization . .
Lo 35 kGy 29. 66 " 22,35 28.57 21.42 ™
liquid group
50 kGy 18.35* 13.57 " 21,12 9.44 "
T RBZH (#
HRHRALCBEA) 0. 87 1.31 0.41 0.70
Control group ( powder)
e 25 kGy 11.44™ 7.39 " 7.49 512
IR T A AL 30 kGy -13.39* §.72°" -5.78" 5.27%
Trradiation sterilization ) ) ;
d 35 kGy -16.88 " 8.65 " -8.35™ 3.70*
powder group
50 kGy -18.59 " 7.27* -6.52™" 3.20"

2.4 #HHEE

HELE AL A UK 26 0F T 50 A A i

AEEBL( LR 7,4 8)
2.4.1 mEKEA

5% R, R K 417 121°C 30 min, 121C
50 min126°C 20 min K24 F VE VB, &

RN

HAWHEREEZES(P <0.001),134°C 4 min 40 VE

/3\

RGP < 0.001), VA HI VD, FHBIREH,

K EZH 121°C 30 min 41 VE VB, & &k /N T
KA, e R SR/ N LR 7) o

2.4.2 HEMOKEH

5% BRAUA B B RO AR AL VB, 7 B R AR
AR EMZER (P <0.001), VE 7E 25 kGy K

HAME &R (P < 0.001) , 1 30 kGy K

PR SR INAA BFMEZESR (P < 0.05),7E 50
kGy KB 2% 1F T & B A il B F 2= 5 (P <

%
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0.01), FRFKE M AL 25 kGy 4 VE VA & EIW kGy 41445 228 et e /N T I Ath 4 IROK B 401, %o 4
fl&(P < 0.001), VD, & EEM (P < 0. o1> A Z R I /N, LU 50 kGy 4 (L3 8)
kGy .35 kGy #1150 kGy #H VE VA Fl VD, &4 WEE 2.5 WMERE

(P <0.001), 35kGy 150 kGy £ VB, & & 4 [#A% Tl T 2R 28 9 R 28 VR K T AN Co S IR T 5 7
(P <0.05), VA VD, R, IR K E4L 25 (R, %K 10) .

KT RIRKEALER G

Table 7 Vitamin content of high pressure sterilization group

ZH%1| Groups VE (mg/kg) VB,(mg/kg) VA (KIU/kg) VD;(KIU/kg)
R 2H (R
XT““’E(W@ . 41.46 + 0.40 16.20 = 0. 11 / /
Control group (liquid)
121°C »
. 60.50 + 1.53™ 19.45 £ 0.58™ / /
30 min
1210(.: 39.77 £ 0. 54 15.91 £ 0. 11 / /
40 min
= R K R N
. PR 121°c 51.34 £ 0.88"" 19.21 + 0.47 " / /
High pressure sterilization group 50 min
12
60(.: 49.77 + 0.37" 20.44 + 0.14™ / /
20 min
1340.(: 53.93 + 1.03™ 15.53 = 0. 11 / /
4 min
RS WBKEHAGE LR S
Table 8 Vitamin content of irradiation sterilization group
2151 Groups VE (mg/kg) VB,(mg/kg) VA (KIU/kg) VD5 (KIU/kg)
R ZH (7
. XJMVE((&&F) . 41.46 = 0.40 16.20 = 0. 11 / /
Control group (liquid)
) , 25 kGy 48.17 + 0.36™ 11.63 = 0.14™ / /
T
IR AL 30 kGy 44.75 £ 0.41° 8.68 + 0.12° / /
Irradiation sterilization )
Lo 35 kGy 40.70 + 1.83 8.80 + 0.08 ™ / /
liquid group
50 kGy 46.65 + 0.88™ 10.27 + 0. 05 / /
B ZH ( By
MIRALOBIA) 130. 55 + 3. 61 19.75 £ 0.32 10.29 + 0.58 1.94 £ 0. 14
Control group ( powder)
o 25 kGy 48.61 + 0.96™ 18.98 + 0.28 2.34 +0.07™ 1.41 £ 0.08 ™
%f"‘_‘}z[ﬁ*’ﬂ\?‘{’ﬁ 30 kGy 21.34 £ 0.34™ 18.79 £ 0.46 1.40 £ 0.01 ™ 1.09 £ 0.05™
Irradiation sterilization s . »
d 35 kGy 47.87 +2.31™ 18.49 £ 0. 12" 1.59 + 0.00™ 1.17 £ 0. 04 ™
powder group
50 kGy 51.72 + 0.95™ 18.69 + 0. 12" 1.15 £ 0.04™ 1.13 + 0.07™
x99 EEXKFAMBETREGE
Table 9 Micronutrient content of high pressure sterilization group
51 B (g/kg) B (mg/kg) B (mg/kg) M (g/kg) i(g/ke)
Groups Zinc (g/kg) Iron (mg/kg) Magnesium (mg/kg) Potassium (g/kg) Sodium (g/kg)
AR ZH (R
XT““’E(WZF) . 1.86 + 0.05 34.75 £ 0.07 486.00 = 1.41 6.72 + 0.17 /
Control group (liquid)
121°C e
. 1.84 = 0.06 43.15 + 1.48 508.00 + 12.73 6.44 £ 0.17 /
30 min
121C " " "
. 1.65 = 0.04 29.62 + 0.34 468.00 = 9.90 5.72 £ 0.05 /
40 min
R K 121
. : JEI[.E‘E. DC 1.46 £ 0.04™  26.74 = 0.03 ™" 523.50 £ 7.78 " 6.05+0.19" /
High pressure sterilization group 50 min
1260(.: 1.56 £ 0.04™  24.35 £ 1.88"" 476.50 = 16.26 6.61 +0.18 /
20 min
134°C 1.72 £ 0.04" 39.90 £ 1.41* 460. 00 = 4.24 6.20 = 0.21 /

4 min
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2.5.1 EEKEHA
X ra *Htt KB4 121°C 30 min 4H 4%
FMEXEF(P < 0.001),121°C 40

min éﬁ%%ﬁe%ﬂ%ﬁ@ﬁﬁ%ﬁﬁﬁ*&ﬁ%ﬁ%%(P <
0.01), 121°C 50 min 455 & &3 m A

LA 2
(P <0.05) A& S &M (P < 0.05), 121°C 50

min 126°C 20 min ZHEFAIEL & m R (P < 0.001) ,

134°C. 4 min Z1FEE HEFEAR(P < 0.05) k& g
(P <0.01), fI&EEARRL, &EKEH 121C

30 min HA 3 M EICR S
1 PP ITR &
(W79),

AL TE B2
I, Xk e 0 AR R R /)

Fz10 BHEKEHAMETTE ST =

Table 10 Contents of trace elements in irradiation sterilization group

215 B (g/kg) B (mg/kg) B (mg/kg) B (g/kg) (g/kg)
Groups Zinc (g/kg) Iron (mg/kg) Magnesium (mg/kg) Potassium (g/kg)  Sodium (g/kg)
SRR ZH (WA
FYERAL( Mdlk) . 1.86 = 0.05 34.75 £ 0.07 486.00 = 1.41 6.72 £ 0.17 /
Control group (liquid)
e 25 kGy 1.81 + 0.01 48.35 + 1.63 ™ 542.00 £ 16.97* 8.59 £ 0.29™ /
ﬁj“‘?zlﬂ{&_ﬁg’ﬂ_ 30 kGy 1.53 £ 0.01 ™ 39.75 £ 0.92™ 488.50 = 6.36 7.46 £ 0.19" /
Trradiation sterilization
Lo 35 kGy 1.43 £ 0.04 ™ 36.90 + 0. 14 489.00 = 2.83 6.16 = 0.08 /
liquid group
50 kGy 1.68 £ 0.01™ 34.43 + 0. 60 553.50 £ 10. 61" 7.84 +0.24™ /
SRR 2H (K
. FIHRAL A 1.56 + 0.01 29.15 £ 0.49 513.00 + 18.38 7.55 £ 0.26 2.80 + 0.05
Control group ( powder)
o 25 kGy 1.39 £0.02™ 32.55+0.21™ 540.00 = 7.07 6.45 +0.16™ 3.23 £ 0.06™
*m_"“*@*ﬁj{'a 30 kGy 1.48 + 0.03 32.75 £ 1. 06™ 486.50 + 6.36 6.84 +0.05" 3.36 £ 0.10™
Irradiation sterilization »
der or 35 kGy 1.23 £ 0.04™ 24.90 = 0.00™ 384.50 £ 9. 19" 7.07 £ 0.02 2.56 = 0.06
powder group
50 kGy 1.49 = 0.03 30.60 = 0.28 564.00 = 8.49" 7.18 £ 0.25 3.26 £ 0.11™

*

e =ERKEA (B -50 kGy

1565 Irradiation group (liquid) -50 kGy
S o RKEA GRER) -121°C 30 min
S %/ 110 4 High-pressure group
S = (liquid) -121°C 30 min
i S =UER K AL OBEK) -50 kGy
1 5 70 + Irradiation group
{[ﬂg £ 20 T (powder) -50 kGy
i E NE
fim .8 tz
RE 10 NE
= 2 N \
o NE b=
© , LHNE bs i
S
‘@ N b &
RO e
@ gﬁv\&& Q‘O & t>° %“ & ‘/24‘\\ ,bc} 3,@\\0& Yx\c}"\
A ol
&
&
) = KA
(BiAE) -50 kGy

Irradiation group
(liquid) -50 kGy
o= i RORE A
(Wit -121°C 30 min
High-pressure group
(liquid) -121°C 30 min
BRKEA CBrAR) -50 kGy
Irradiation group
(powder) -50 kGy

Vitamin content(%)
WETEEE (%)

Trace elements cotent(%)

FAERER (%)

= ARIRK A (Bidk) -50 kGy
Irradiation group (liquid) -50 kGy
SN FEREA (B -121°C 30 min
High-pressure group (liquid) -121°C 30 min
E=S ERKHA CBAR) -50 kGy
Irradiation group (powder) -50 kGy

2.0 A

x

BEBTE (%)

Amino acid content(%)

{HAHHHHAHHHHAHHHHHHT

VITITIIIIIIrY.

0.0 .
7 & . G & . & & J
b o & ovve N o X &
NS GO F Y P ‘«'c;,?s
A R SR PO S AP
W @ 24 R NIN S5
1 Q\ \& ’é"@’
= ERKHHE
600 Btk -50 kGy
Irradiation grou
500 goup

(liquid) -50 kGy
N KA
GBAAY -121°C 30 min
High-pressure group
(liquid) -121°C 30 min
IERUREA OB AR -50 kGy
Irradiation group
(powder) -50 kGy

B

S
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Figure 1 Comparison of the effects of different sterilization methods on nutrient content
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2.5.2 HREKHEH

55X RRAUA EL R BECOK B RAAR A 25 kGy A1k
P RGN A O B R (P < 0.001) 85
I MEA N B EME 2 (P < 0.01), 30 kGy 44
PES HFEMN(P < 0.001) BREEIM(P < 0.01) |
PEEmAA BEEESR (P <0.05), 35 kGy
HEFEBRIEIR(P < 0.001) . 50 kGy ZH %% 7 = FRAIK
(P<0.01) BERBIERIGIN(P < 0.001), FEAK
B AR 4 25 kGy 4 EFRER S HEFE MK (P < 0.01) ,25
kGy 1 30 kGy ZH &k Fgh & &3 (P < 0.01),30
kGy 4P R (P < 0.05) , 35 kGy ZHAF &
R BES B (P < 0.001), k& @BEIK(P <
0.01), 50 kGy AHEEE M (P < 0.05) , 44 & i
HIM(P <0.01), #HEEIARK IR K
24 25 kGy 4HA 1 Fridcm o &R & = A8 b T i 3 1k 22
5,3 Pl o S RN, X T R B R i
/N HRE 50 kGy 41, FRIEK B R 4L 50 kGy 41F
3MMEICR SR T E 2R 2 FiiE TR
Fr I AR TR SR/ N (L3R 10) .
2.6 ARREHXE TSR LB

W 3 Fh KB 5 68 SR U3 S e fe/ ) — 21
PEATLRE) Fe 8, an Bl 1A 1B Fifzi 46 BEOK Ry R 4
HLE IR A R R e W T R R K TR 4
IR R KRR ZE . A& 1C,1D FR o R K 4
R R A e A R e TR & /h TR
KA

3 it

S8 B W—E A G R DA bR fE (GB
14924. 2—2001 ) HHILE - 35 I 20 52 50 2h W e & 1)
o7 AT iR R 2K TR B 4 B K B, SPF 2R G B s 4 T
NG F R DT 73 e FEZE R KR 1 Co 8
HERKBR R 2R VRO TR 2 E R e i N ez
AR DT 7 1% o HE IR T D P e AR e SR A
W 1 TR AR RS, 28 KA . Co B HEK TR
J& T KE Ik, Co BERE L H — M il K48 R
15 AR IR Y y S HARAE R TOK i R
AMEE A B (OH ) 51 DNA $it 477, i IR H 254y
SRR, TS KA . Co i K T i R AR D 7™
p M il =R v L S (e T N s o (e S
A, R RE S b M AR AT I sk v s Ry,
DR HL T 28 B0 R R 2, 5 06 28 R S b o B A7 KRR, TR
HlLr N T AT B2t iz i WG A ek 11 K

B, BRI B A R 45 78 e 3 1e) N TP AT RE & A S
We AR FECE R, SR, M EZE
TR PR R R 4 B % e B A 17 B, il U vl
ST EDREAT K, b4 T DR S IR T v i i AR Y
S, R KB 2, PR LR, 35
158 W T FLR BRI I 8 5% A A K

R 2228 s, 4 B I TR X T A U e 1 75 %
AYFEMR /NG R 2 O T R A T R B 7 R A
PR R AT H e Wk s s AR N T AL
K5 E F5 WK H AR e s, AR SC TR E X
TSR] K 7 36 6 8 PR 5 W5 053 765 37 W0 A 5
M, SEERES S WoR, B R R 4w S IR &
SRR AR e R AR TR B /N T AN AR K 4L
VA VD, A B e A B 5 W5 h ¥ ARG e, [ 2
B 5 Wk A A v A, R AT RE 5 T W A TE 2
A 5K, KA A BT 18 T R A 3R A A O
JR PR B K = A A 3, BB S A SR Z ) S AR A
FHM . T £H R A T O T R 4 4 1 2R
ISR K T4 R TR RS A AL, JEL R AT R S S
MBS S K B e E B AFERES A 6, &K E
o PR RS O K i S A R R R R R R
Z AEBMRZ ",

WL o, v e K TR RN 4 K T 34 6 L
WK E TR P e AN TR AR FE IR, e R R T T R
ZH S FEIR | 4 A 2R RN 4 BE KRR Ry A 4w LE IR
H: % 25 kGy FRIFK ERCR L 50 kGy 52/, AR
HEE MR R 25 kGy R 54 I8 K B vl 3018
IR B ERL, T 30 ~ 50 kGy 714 IR K 4
RS AR BTEREE SPF R sh it
AT VEEEAE T 25 kGy ™ | 55 & JC W sh ¥y i i 4 4 1
50 kGy 4@ MEFIR" ) 28 EPRAR, B IR K H 4 121°C
30 min B FEWATR /D AR KR AL 50 kGy K TR
b G = 0 17 o ' N GO N B
kGy KB4 N B IR & B /T 8 K 24
VR BRI PR LA AL

54 UL AN TR K B8 D5 2 A SRR B DL AR
UCSLIRZE L, n] LISEPRIE J7 Wk i FH* Co SRR K
KA e R 28 PO R B FE E  =X, X BT L
FEARIE A 2 TG B AL b o [R]85 35 o046t 2k Je
TR R S i R A B AR B 2L, KR AT 2 i L 4
TR T RUA , T Co % MR K P 1 28 FRIR 1, 2R
AR BT 25 AT ASE B 121°C 30 min 3#£47
FEZRIRKI
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