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Abstract: To comprehensively utilize blood by-products from the livestock and poultry slaughter industries, reduce resource waste, and
avoid environmental pollution, pig blood was collected as raw material and the effects of different drying methods on the physicochemical
properties of blood serum were investigated. Protein patterns in blood serum, rehydration ratios, soluble-peptide content, degree of hydrolysis,
and color of serum powder were adopted as indices, and the effects of vacuum, forced-air, and freeze drying on these indices were investigated
and compared. The results indicated that freeze and forced-air drying altered the protein patterns in serum, with minor accumulations of new
proteins at molecular weights between 50 ku and 75 ku. Vacuum drying resulted in serum-protein polymerization, producing additional protein
species at molecular weights>100 ku. The ability to rehydrate for freeze dried serum powder was better than that of vacuum and forced-air
drying samples. Freezed-dried serum powder was dissolved completely in deionized water after 2 h, whereas forced-air and vacuum-dried
samples were partially dissolved in deionized water. The soluble-peptide content and degree of hydrolysis of the freeze-dried serum were
significantly (p<0.05) higher than those observed in forced-air and vacuum-dried serums. Additionally, the soluble-peptide content and degree of
hydrolysis of the forced-air dried serum was significantly (»<0.05) higher than that observed in the vacuum-dried serum, and the color value of
the freeze-dried serum was significantly (p<0.05) higher than that observed for the forced-air dried and vacuum dried serums.
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Fig.1 Effect of drying methods on protein patterns in blood

serum

A WREEY 1 ik 2 AAETRAE; 3 A%
KT W ifhy; 4 4% T oAy,

FLAATYRRS, MG A A ) R IE52 2] 70 C
(PFRAEER . LA I T o B SRR, 28
TET ST IS H TP aa A RO AN RE . IX AR
o SHIEEAT 70 CHRUETRAEREGRN; ¥
PFRRIMIERT, BT EiAE, B Ui e —
BT, MWETYRS TIREEAERE, XE—E
FEEE BRIE TS E AL 70 CHME TN RET ZE
Hrs AURTIRR, BRI F A5 IS B T
SRR/, HZ R T TR ERAIC (50 C),



MR BRI

Modern Food Science and Technology

2016, Vol.32, No.10

A B AR R A R . XATRER K 1 hEAT
SR A 17 DAL IR U > TR A, TS
R R TN A B S R AR ARG ERE . X
R AT DA REAN [ 7 200 TOREE I R e ke
NZETHI R ISR SE . O TR BRI VA B
IS T VR T A E HLIRAE, O TR oK
WA B ) PR LA G BB, U TIRIBA R
TS EEL M IREA RO R ARG BiE R
B R TR S ECE 2 et N T R A R AER &

[16]

o

2.2 TR I R B KR R

120 - P
- AR
100
- X e
e 80r
“;’ﬁ‘ 60 L
P
‘»Kr— 40 +
20
0

|10'30 |60 I120|180I240I
SOKIFTE] / min
E 2 NEFEA R MER S K RIS

Fig.2 Effect of drying methods on the rehydration of blood

=1

serum

MER TR KR L 2. BIhEdE
RN, AR 10min 5, AL SO B TR R
VAR I 5N 43 4% 22.7%- 10.8%; 30 min J&, ¥
R EMER A fRR TR E (p<0.05), BNFIHES
TR IMTE R A AR AR B IR L B R TR, AR R
fasE LIS (p>0.05); MR 2h G, AETEIL
BT 100%38 R, (H AT SN B2 TR M R 1)
FRRAAR /N FHIEAT I, AR TS A i =K
B AN VR TR . AU GRAE R T B T
M. R, MmER R KIESE R, REEEA T
Joe LR LA OR LT R K M 5228/ g

PG VRTIRAR L, ST S BN TH
WA R A ZIRERNY, AT SRR AAE ST
YOy = e L A e s e A s U N Tl 0% €
AR, B AR EA T K E A B R A A
fiEtE . FLAHERE RO, R, SEGEX TR
AR A PRV A R A 1 S R AR PT B A 4 5 350t
TEE A TG AR T BRI A AR A
AT REAR PR IS B AR RN, RIS VA R T i =
BRASE 75 L35 K BE 25 5 KV A o

2.3 MRy ke v R U IR R

L b a
e A R

T
B 3 NEFHEH A MERA MR HRE RS20
Fig.3 Effect of drying methods on soluble-peptide release from

—

AL R / (mg/mL)
S = N W A N N 0 O O

blood serum

i B FHEa, b, c RTBEHAKFE<0.05).

N T o3I FOR HLE A R AR ST e SR
TBUIR 735~ RE T ROSEMEL, o5k L5 0 PO 2 K AR
JECRTEYERRRE AT e (B 3). B3 HfidEs i)
RV IR S B A R, AR TR B I VA IR IR
FHEEE (p<0.05) ST ENAMAT TEILER: 5
AR ML A TR & R (p<0.05) & T H
TAR ST R TR A ATVA PR IR & &
3R A TR LTS R 2.09 F1 2.14 £, BHULAT A,
ST RNV R TR LT 0 FF) BE 28 2 4 B L /K

RlR BRMEA TERSBUILE EAAE. BER
RSG5 R AR RE (AR A1, B2 T X
AR TR ML R A E A 2R &, X ATRER T
B TS R A FEA N A iR ] SRS T v
JOR PR 750 VAR R 3 X 5 1) T LR

24 T I7 i 2 TR A B R v

20
1.8
1.6 b
1.4}
1.2}
1.0+
0.8F
0.6 -
0.4
02
0.0

IKARIE 1 %

wE o #A Wik
T
E 4 RETFEA R MLEKRE RS
Fig.4 Effect of drying methods on the degree of hydrolysis of
blood serum
i B¥FHEa, b, c RTBEMAKF(P<0.05).

223



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.10

AT 322 TG LB K 7K AR 1
AR SRR B 25 TR LT 0 PR K P 24T 1
(K 4. EIHKEREEMESI R EIR, T
LB R /K R R (s M AL AT S PER B B AR TG
TERHIKIAE R (p<0.05) T S XU E 25 T-J8f
BRSBTS K B (p<0.05) & T
BT SORT AR TR L5 R0 TR /K A 0 )
S TR R 1.10 A1 1.41 f5. LRI, SR
TR VR T8 LIS A (1Y) 58 25 2 e T K A«

KR R T R IS R AR A A S AN S
Bl ik, SECARTHRIMTER FIK AR e X Tg
A TS ST RIS /K R R S T s
HAT e R R S A PR S AR . R TS A B T v
FR & MOKARPESE SR TT A, AR TR NS X TR v
DA Iy A TE R AR 25 A N REBOE 2 I s 2 . a4
IKAAIE R, AR eI 2 4 18 s o7 ] 6 PRIRR A R 24
R AR A2, WIS & A S FyE A i
EHE R,

25 TR EE E R
60
50

401

30

M

20

BESH
E 5 NEFEA I & ZERFE
Fig.5 Effect of drying methods on the color value of blood

serum

i BY LARFEE, ath T, bR TR b
FAE R BT (<0.05).

ANEFE T g e zE s WL 5. B3
P loR, VR BRI R SR (L) 23 (p<0.05)
T AT AT R, SR TR 2
T MIER R (L) M REZES (p>0.05), H
B3 (p<0.05) mTHRILE: AERTEILTEHLE
(+a*) BF (p<0.05) FET TR BB THLGK
Mi%, ST B TERAARMERLME (ta*)
()TG3 22 57 (p>0.05) s AR TR ML K2 1 B (+b%)
B (p<0.05) ET AT, BB THGRILE,
RN S T RIS B (+b*) B
ZR (p>0.05), HEE (p<0.05) FmTHME. A%

224

TREMIERIFERE (L. ZH (+a*) FIEEAE (+b%)
BRZE (p<0.05) mTHEN. BEETERLEME; 5
RFEAE RIS (LD, 28 (+a*) Al
BH (+b%) BWTEEFE (p>0.05) Z5R; HILEKHHE
(+b*) HEA, SREAGRTESTEE (p>0.05)
Z5, HEE (Lo MM b BHRE (p<0.05
T HZA . SRR TR . b a WL, AT
BRI R TR . LA B TSR T
S IRy i s W Rl B O (IR v NERN A Y
1l

AR BN 2 T B B K 0 B R
FIA LA AN FRRRE R 420, i3 S s R (AN
A2 ATET, FEMEE L5 85 MG, £ #5 AL
R XLk AN LT & (A 7E TR AR 2 RN
ML FR R A AN R BT P EUILE HEIRE . T
BRI ARy, S AN 55 A, 1w BAE
70 CHIERE BT, Ritka SBOEZ g ZwiEi;
AURTE R T TR, mHTERRPER e =
i, fE—EfEf L T MO KA. XaTRee S
FOAGRT RIS R 52 . A EAEEIIR T 3R
AN 2 TR B R, 5 RUR L2 8ot I i 6 3 1)
SUMAARAL Y 32 2R A

3 Zhig

T R B B XA R ot LT 2 P
SOKIE AIETEIR S KRR S PR, R
P UR AR TR IR ) B 3 B R, 1
HAE TR IEEZ MG HE ARSI TR T 100 ku
RIERFBT: PR TR LS A AP T3 B X
TR VR T AR L Ry O T A R R KR P B Y 2
(p<0.05) fE T ERTIRAE T, SR TS
T EIRIVETEIR SOK AR LR 2 (p<0.05) & T HAT
e AURTIRIMER I ORESIRE (p<0.05) T
A T

B Lk

(1] RMERGETTZR, 40 X, 55 8 I v 20 B2 I 21 3R PR S L
2] BUAREEZ) TLAE 2007,23(18):2687-2689
LIU Ren-min, FAN Wan-dong, WANG Yao-feng et al.
Extraction of heme from porcine blood [J]. Modermn Medicine
& Health, 2007, 23(18): 2687-2689

[2]  ESRIL T MG, S5 A8 L 25 T R 5 N P Tt e 1],
PIZHH 7t,2009,12:81-83
WANG Hong-jiang, XIE Ji, LIU Ting, et al. Progress of

comprehensive development and application research of



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.10

(3]

[10]

[12]

porcine blood [J]. Meat Research, 2009, 12: 81-83
RIS R BRE R Y BT R E R
FERAR[I]. & S RL2,2014,35,(13):326-328

LI Mei-liang, PU Biao, ZHAO Guang-hua. Ferritins: a novel
type of mineral nutritional fortifier carrier [J]. Food Science,
2014, 35(13): 326-328

Miquel E, Farré R. Effects and future trends of casein
phosphopeptides on zinc bioavailability [J]. Trends in Food
Science & Technology, 2007, 18(3): 139-143

BEAES, BOREVL, B WY K L 20 3 2 T R )] rp sk
ROBRA 4B 2R #AR),2007,16(1):19-22

QU Gui-xiang, HUANG Yao-jiang, DONG Ming-sheng.
Reseach development of heme preparation techniques [J].
Journal of the Central University for Nationalities (Natural
Sciences Edition), 2007, 16(1): 19-22

JER B R KAE L Al 2T 3R AEAL S ARAIT TE[T]. 254 42400
HAR,2004,11(3):181-183

ZHOU Dan-yi, XU Shui-xiang, JIANG Yue-xian.
Purification technology of heme [J]. Pharmaceutical
Biotechnology, 2004, 11(3): 181-183

RIEZE FRHE A, X1 28, 5% 8 L I 21 2R BRI A B B
FE[I]. I TMI,2004,8:23-25

SONG Zhao-jun, ZHANG Yan-sheng, LIU Xi, et al.
Research on the new technology of extraction and
purification of heme from pig blood [J]. Meat Industry, 2004,
8:23-25

RNLTT A ) 2% S ML L3R AR B BIE S [D]. 38 i R
A KE,2006

WU Li-fang. Studies on preparing hemin from porcine blood
[D]. Agriculture University of Hunan, 2006

LI L. Clevage of structure proteins during the assembly of the
head of bacteriophage T4 [J]. Nature, 1970, 277: 680-685
Zhang Y, Zeng Q X, Zhu Z W. Effect of ultrasonic treatment
on the activities of endogenous transglutaminase and
proteinases in tilapia (Sarotherodon nilotica) surimi during
gel formation [J]. Journal of Food Process Engineering, 2011,
34(5): 1695-1713

K s, B ZL AN, ' PR, 5 AN RIS AL B 27 3 f1 SR FR RE)
[T I & S RH,2007,23(10):50-61

ZHANG Yin, TAO Hong-li, ZENG Qing-xiao, et al. Effects
of washing conditions on the quality of minced tilapia [J].
Modern Food Science & Technology, 2007, 23(10): 50-61
KB K, 5k g, T4 i B R AA B R B AR ] & ATV It

[13]

[16]

[17]

(18]

[19]

IR T2 dh Tl ARt 2012,33(14):316-370

LIU Da-yu, ZHANG Yin, WANG Wei, et al. Optimization of
enzymatic hydrolysis processing of bone extracts for
preparation of soluble peptide by response surface method [J].
Science and Technology of Food Industry, 2012, 33(14): 316-
370

AR AR ABERIBTFE[)].) A6 12,2008,10:96-98
MOU Li-hui. Study on the application of papaya protease [J].
Guangdong Chemical Industry, 2008, 10: 96-98

Zhou B, Zhang M, Fang Z X, et al. A combination of freeze
drying and microwave vacuum drying of duck egg white
protein powders [J]. Drying Technology: An International
Journal, 2014, 32(15): 1840-1847

Rt T, ERON A S TR SR URT R Zein P45
Je R EE A [T]. B S RHE,2013,38(11):158-163

LIU Ting-ting, ZHANG Ting-ting, WANG Da-wei. Effect of
vacuum drying and freeze drying on the properties and
structure of Zein [J]. Food Science and Technology, 2013,
38(11): 158-163

Liao L, Wang Q, Zhao M M, et al. Functional,
conformational and topographical changes of succinic acid
deamidated wheat gluten upon freeze-and spray-drying:a
comparative study [J]. LWT-Food Science and Technology,
2013, 50(1): 177-184

b, A ANE TR 000 R S 1 R A D ARV B R R
[J]. i 5 L,2003,2:11-12

ZHANG Zhong, WANG Hua. Effects of different drying
methods on functional properties of soybean protein [J]. Food
and Machinery, 2003, 2: 11-12

HuY Q, Que T T, Fang Z X, et al. Effect of different drying
methods on the protein and product quality of hairtail fish
meat gel [J]. Drying Technology: An International Journal.
2013, 31(13-14): 1707-1714

AEOR, 25507 MR, A5 K B AR B ek S AR
AT N T R[] AR B i B, 2012,28(12):1829-1833
YUAN De-bao, LI Fen-fang, YANG Xiao-quan, et al. The
progress of heat treatment and heat-induced aggregation of
soy protein [J]. Modern Food Science and Technology, 2012,
28(12): 1829-1833

Hu X Z, Cheng Y Q, Fan J F, et al. Effects of drying method
on physicochemical and functional properties of soy protein
isolates [J]. Journal of Food Processing and Preservation,

2010, 34(3): 520-540

225



