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EftE. BT TREOTREESHANE L TRE
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et e L E A A 35 IR4, A4S
PEAEIE 7d W R, KA BB R R 5% 10.99%%,
Bg B 192.08%, & A 194.93%, HEUD96%, K
43110.956%. FIFLEIHITEE N 1.037 g/mL, ZHHE
A 1.573 mPas (32°C), pH{EN 6.44 (25C), WER
A% 26,30,

1.2 RFIFEE

D R&H: S4B (a4, FEEARNER
A8 BRAKANEETFK, BEE>18MQ.

2) FENBREE

GPW120- 1 A MM E TR QUFERATREE
HRAF); SE 02.0V BLHL (BKF Seital AF));
APV1000 ¥ FHL(F33 APV HFR/A 8 ); MilkoScan Minor
4 PRGBS HN (RERF B ERAFD:
HEAERTRE (EEKIFEFSEW ).

1.3 iKRAHZ*
1.3.1 TZheE

FHEMI (BARGEFNLRER, RERA-60TC
HREAEFR, BIEMEERTRE) —5%H (EF
ERY k2= EA I POV R R R LS EIL D)
—B LB AE (BE¥CH 10 000 /min) —HJK (EHN
30 MPa) — 8 (72°C, 15s) —Fii#h (32°CHERHE)
—BETHEAH—aE, KE 4T) R,

1.3.2 REF%

FIRB KA H GPWI20- [ A B RN A M
REEHGLE 1. ZHURA A SIS, ¥R
24 047 mm, SMAS B F S SAERE R R EEN
E. BERRABROLER, SELBHES, BAEEL
ERAHBNEBESRENER, ESHH 07+
0.01)MPa, (160+20)mL/h, (32+1)°C. LUMIASHER
B Toern TIREBRE O, MEFSKRE O AHE, i
73RE3IKPERERR, 274, BHARBM 2 K.
1.3.3 HebdshFAmE ik

BARBTFBANF VAL TRES S 2 85, B
B4 P10 IR R B4 FE, ElEa e 1 &
RRSBEHRMEREYE, RANFVARNEEHET
BERGER S EREER LS RERANESEEN
SOURL T 15 R BIR K 2 BB 4.

ARH K= B ECE 1o RS PEH BRI
T AR HIT= B AR R 2R 1y FUTE B B BEBE 2R 1y RBEH T
TR TR .

" __EsE AR R E YRR
o T MATFRINF VL E YRR
n = BEAHENSWIS N ERY AR
b BATEROFNANE R R R

x100%

x100%

Pyesidue =
T REMERAS ERNEEMARERY R E
RAT RIS F A E YR E
FREKA 2 FTRUERLTT R HEF A
%EP, HAHRBHAE g MERKE 7.

x100%

2010 &
m =_7M_7;Llﬂ_x100% 40
Tinla— room “
m = T;nla _T:mtlzr x100% 2)
Toa =T,

K[P’ Tinlet W@A?ﬁ%ﬁ%%%ﬁ?ﬁ, Cs Tau!let ?‘J%
HTREHSEBERE, C: Tues Toie RE 1 iz T
A Tt S RAARERSE, C: Troom AR EME
&, C.

W

ETHRE
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e T WA TREABSBBRIE: T A0 TREQUSEE

H1 GPWI2-TIH#HAY R FFHRNFER
Fig.1 Schematic diagram of GPW120- Il mini spray dryer

1.3.4 HEHHF %
MRGET5 Bk SAS9.2 3t BTG .

2 HZR5iE

2.1 HOSEERERTHRHE

ERMETRTEP, REHBASBBESTRERS
EHLRBEFEME, TRSAEREER EMERTT
B, HFELBFESAREENTK, $EEEWHTEEEREN
RENERE. Hik, SSHARBRNMASEERENT
FERPE, F5ESESTHIEST, BHaEx
#H 09995, BILIN WA KB EFSRARAER
EHEX. METHERALP 3 MEENBREEMEMR
RUEHHEOSFEERLE 1.

ME 1 PEH, HOSERERBASEEEMY
mimsmn, XFEBERFRAMANGEEAX TN D KES
AETFENHRE, TRIERTEREHTRE, £l
MR KBHEMERT, MAKNGEESRS, PRk
BHME, HOSKEEERRE. HOSAEFE R
FRAGRENENTEM, X2EIERADE TR E
BEERBFRT, TRIERENHEMD, TESBSBA
AR LM, SN EHEMKNTRSEREZ %M,
EHFMASKRET, BARSRBRMA, HEN
REMAR, HOSEREREZEM,

EENBEMFALES, ERFESEAEHAYH
MBEEAZRERT, FHBRN KN SEADEIE
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EREW, SEESANTEZRR R, @K,
WMEGESAENRNEE, SSBRMERERTRE
EAREE N, ATENERNFREE, BRELS5EE
OSARENER. EHRGARERSZHEBRBER,
HOSURESFRESARERENL, FERAAELR
Brp, TRAKSFEMEMERAAR. EEEH<E
REEM, BEHEZEURBINIER, THEDN, LR
TN, ETFERENRENSHEEREE, BENES
RE, BIWERERBE IO ERE, HAEHRR
NP SR R A R I A AR A, TRERBEEZ
TH, B&5REOSEREAR.
1 BETHIRREFREOSERE
Table 1 Experimental factors of spray drying and outlet air

temperature
BRE Tuw/C  Qu(mhin ') QAR )Y  Touu/C T/C
1 110 0.78 300 45.74.65 29
2 125 0.78 300 48.94.30 33
3 140 0.78 300 54.84.65 37
4 110 1.04 300 50.90.89 29
5 125 1.04 300 58.640.70 33
6 140 1.04 300 63.52.00 37
7 110 130 300 55.74.81 29
8 125 1.30 300 65.54.15 33
9 140 130 300 69.241.85 37
10 110 0.78 600 46.54.15 29
11 125 0.78 600 50.490.75 33
12 140 0.78 600 56.74.22 37
13 110 1.04 600 51.640.25 29
14 125 1.04 600 612235 33
15 140 1.04 600 64.54 .47 37
16 110 1.30 600 58.84.62 29
17 125 1.30 600 67.54.30 33
18 140 1.30 600 71.84.10 37
19 110 0.78 900 47.84.30 29
20 125 0.78 900 5234 .45 33
21 140 0.78 900 59.44.75 37
22 110 1.04 900 53.24.57 29
23 125 1.04 900 61.52.10 33
24 140 1.04 900 68.940.55 37
25 110 1.30 900 61.241.36 29
26 125 1.30 900 71.12.06 33
27 140 1.30 900 76.41.50 37

Hr T AMARBEE: 0 AFRIUGBHR: O HEBIFAR: Tose
HRE SR T2 Tinted W IR A

ERRERS, BESEATRENR, RAENTBE
ABFRTFZAE S g KBS ATHEETRIROAR
FAXRE, BEBERERTTHRIIRES, TRERAR
i, HEBKMLEHRERD, ATLlZEE, TRENK
REHABBOERTRE, TEMNANREBELSA
HA TR ETRSGREREEMN, REHOSAKE
FHMARE, RBKBINERES REBBRKR., FEL
E, MAERARERGEL, AOEEEEE, Hit,
LhRTRILAE T O SARIRE £ 2 T Hod R A AR

K. 55k, 2 FHARSHTRIEAR ERA T,
HEEARBER K, RRFIEVERBEIRE, AT
SBUKESRARNHI. XR 1 DT HEPA
i, 3NHEEN T MEWHHREE (p<0.00),

HAR (D Q) FHHETRILBREE g A
BRBE 0y HERNK 2. n RKBRERIRHFE
M5 aMmARERIE, LEUTEHERD 47.23%~
66.68%, ME 2 PHIHMBHKREK, WlHHGER
REE, BT EZSENLATREENRIER
Rt BRI HRERZE.

£2 TRENBASHAENELYE

Table 2 Overall thermal efficiency and evaporative efficiency of

spray dryer
RRT m'% n2/% AR5 m'% ml%

1 64.860.66  79.384.80 15 58474.14  73.304.43
2 66.684.14  82.724.42 16 51.654.61 63.214.97
3 65984.28  82.764.60 17 50.384.14  62.504.41
4 59.6240.88  72.9641.08 18 52.81#0.85  66.214.07
5 58.180.62  72.174.76 19 62.754.31 76.794 .61
6 59.244.55  74.274.94 20 63.704.27  79.024.58
7 5478481  67.04R.21 21 62424136  78.254.70
8 52.134.01 64.674.25 22 57.304.58  70.124.94
9 54.834.43  68.744.80 23 55.64H .84  69.022.29
10 64.064.16  78.404.42 24 55.0660.43  69.034.53
n 65.360.66  81.0960.82 25 49.234.37  60.254.67
12 64.5190.95 80.874.19 26 47.234 .81 58.592.24
13 5891#0.27  72.1090.32 27 49254.16  61.754.46
14 55902.06  69.352.55

HE: o HBARBE: m ABRBE.

ERSEGREAFANE g, RRTERIEHOHRN
FWERFRERENETRESLTRASHEERET
REMEREAINLE. ZARP, n HELTEEN
58.59%~82.76%, RAE T i OGBS B AR AL 0 1
MBERREE. _

M 2 ATLLEH, RPOARBESERAREMEE
FREREBURTRSEREMYMAEDS, ZEEL
EHA T BEEES AR BT RSEREENYINTTH
&, RAERESHETRIENAFHYLE, BEERIET
BERBRNEKRMERT, RUEREEOSER
BE. &2 PEBEITHEMTL, B T m E
WMAREN, HEEN 2 MENEHRIREE p<
0.01).

2.2 FTHEFUMTREWE. REENFBBENEA
.21 FHREASFEZE . 000

ERR IS, FVMANFRRSZEEHE, KX
BT 4&AnmElE. £ 3 418 TRETED 4]
AHBREASETHRAFHELER HETHERR
66.10%~83.06%.

MK 3 TUES, FREETRIARENEMNE
EFHES, X5MN40LERER. SRR P TR
FE (0.78~1.3 m*min) BKX, FEERIANERE
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A, TREANHEREFAR. TARBOTRIG
5 T RRLBURL T A FER S B 880, LR R R4 B 23 69
HEBTRERHEE. £ 3 FHTRASEBRHHRE
BESTRERRASBESHELENLS, NHHEE
HEEE TRIGABHEM, BRSO BERFHOHERR

Z¥n, 7 1.04 m*/min # 1.3 m*/min &, BERSERS
MEERIETFHRLAREN 12, METRSARENY
m, FEAERS RSP HYE SR, R RRE
B, BHEX, BN KERRSHRAE FHE
BRZ N, BFERBLEMM.

23 FHREGHFRERE. BERURREENEW

Table 3  Effects of drying conditions on product recovery, residue accumulation and loss

HnRs Pproducd o Presicuel %o loss/%o HERRLBHMARMLE % EREEE S BRKOLLE% BERS H RF B L B/%
1 10.910.09 69.514.57 19.5840.37 78.024.18 21.98+0.20 35484 .25
2 11.4310.04 67.354.07 21.2240.31 76.040.25 2396030 50.290.34
3 8.1940.13 68.200.28 23.610.16 74.284.05 25.72490.04 50.8040.56
4 7.2840.11 75.394.55 17.3340.06 81.3140.06 18.6940.05 51.0040.32
5 8.48%.14 72.6660.09 18.8640.09 79.3940.06 20.6110.07 53.6940.48
6 6.0940.06 74.3440.01 19.5740.03 79.1646.02 20.840.01 54.5240.52
7 5.7740.68 83.0620.09 11.1740.07 88.15%0.05 11.85%.04 57.830.12
8 5.944.14 82.1620.03 11.909.01 87.354.01 12.659.02 59.174.03
9 4.5440.08 82.72+0.03 12.7440.20 86.6540.18 13356020 59.740.04
10 8.3140.07 68.3440.06 23.3540.07 74.53%6.04 25.4790.05 34.9440.35
11 9.6840.14 66.670.01 23.6540.07 73.8240.05 26.1840.06 4724047
12 6.7940.28 67.0690.09 26.1540.01 71.9549.02 28,0540.01 49.884 .30
13 6.7440.07 72.354.50 20.9140.07 77.5840.06 22.4240.07 47.200.45
14 8.1240.09 70.6440.23 21.2440.23 76.8840.13 23.1240.14 49.6840.32
15 5.7040.28 71.8210.03 22.48%.11 76.16%.08 23.8440.09 50.190.42
16 - 50420.09 81.710.16 13.254#0.10 86.050.07 13.9540.06 59.3040.36
17 5.7010.28 80.1640.03 14.1440.07 85.0140.06 14.9940.05 61.2140.21
18 3.630.13 81.030.04 15.34%.34 84.0890.29 15.926.31 62.5040.52
19 8.060.10 67.054#0.28 24.8940.09 72.9349.01 27.07%0.02 36.5740.45

20 8.7340.35 66.100.42 25.1740.28 72.4240.09 27.5840.08 37.9310.63
21 6.19490.11 66.7240.03 27.0940.13 71.1240.09 28.8840.11 39.6440.21
22 6.2940.21 71.05%0.07 22.6640.01 75.8240.01 24.1840.02 47.974.32
23 6.5740.21 69.8840.11 23.554.20 74.7990.13 25.2140.12 49.1240.34
24 4.84+0.16 70.23%0.10 24.9340.04 73.84.01 26.20:0.02 49.9440.54
25 4.40%.71 80.870.01 14.7340.04 84.5940.03 15.410.04 59.104.04
26 5.430.04 78.974.10 15.6040.01 83.500.01 16.50:0.02 59.74:0.65
27 3.5249.04 79.16%0.09 17.3240.57 82.0540.46 17.9540.50 59.984 .21

e Morotacr AP REMNRE: Ayt AP RBER; o R KA.

ME 3 TUEH, FRREESSERENEMNE
THeaY., EZRERENELIED, ZHPOKNE
EHESARENEINTME D, ERS, HEEREDS,
ERERAMMEHEHERTAD, BREARDIHHER
%, BEHEITREREMLRREED, FEEIEHE
TRErEREGRINEE L, EENEHNEKERIE,
BB, FHEEBERREE.,

HTFEMATRNERYSBRIK, BIBESRST
BRANELE, SHESXKART, FEHE. €49
HBEETEEKENZR—RETEERES, EEFE
RARES, RERENEBEHE. XEEHAYHEH
REHHEFRERIFHEABEE (sticky-point
temperature ), Fi1% 518 E BUR T Y0k 6B B A&k 2119,
FHABE SR NBEEAERE T, ZUHMX, Y8t
FELEF, HREBAEE T,1€ 10~20C, KR
EREHIS, keSS NERERM, BRRE

. MASEKEREM 110C EAR 125C, FEEXET
PR, WM 125CHER 140C, FEREIN A&
B, EE-NEEAFLIET, BEBESR, WEHE
LK BRER, HESKEROBR, SiEHPIHE
£, # B AR LR, B R EE,; T &R 140C
i, HOSABERE (Tuw.>60C), THEHT W
PR EBREENIRRERE, SRTROFEEL, #2
M. IR 3 PEHERRITHESN, B3 AEE
NEBEENEMHREE (p<0.01). YRASEREHR
125C, EHESEHER 90 Lh, FRSERER
0.78 m’/min i, 4HIHMHFEBERR A,
2.2.2 FHREHF BEE Ny 9 H R
W BB R SR F IR 3.52%~11.43%,
KM ETRE&AGHTHBRME 3. AR 3BT, &F
VIR KB R EESBREN RS ERERE M
g, TOREBMASERENY NN cBmERD,
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ZUEHEFESHERAOBPAR. R 3 FEREEE
BRHESBERES S RRRALE, STLEHEY
HHE Fid R raid 70%88 Kk 8 TR E
R4 B SRk T O BEEE B K. Bk, AT, F
12 300 P2 S ER R B2 £ B YR w R BUR B
ETREAREASBERAORELNEBRERRE. £E
EETROEN R, BENNAFEREL TRSHHR
ARE R RB DG ERE. R 3 FH
P HEW T E, Bl 3 AREXAEIRZE
HIEmREE (p<0.01). HBMASEERE N 125C,
EHSAREHR 300 Lh, FHRESEREY 0.78 m’/min
B, FHIEBREIERERK.
2.2.3 FREFSEABFREX np, YR

FEREH, EVIHBEET R BRBREK Neae 51 &
FAYAFHRHEIEERK noyy TERERS EHRS
BERARNRBERY . @RS ST SEHH
BEYPHRBRSERRAR, —BELT, KRS
BRITUHESERAETELRET 20 um KR FH
97%~98% NS HF S B, MEZBEIT 10 um KR
E 2 Rk B 90%!' 7, {H R XS —tedn Nk, il ok
BT 5 um R, HBASHPIEHRBEE, £
BRI H O ESEEDY. HMETREENESIEHER
HIHRR nies IR EK 3. MNEPALUFEL, n,, BHTE
B4 11.17%~27.09%, REAERK, REZ—EBAR
WA ERY S’ (1099%) BK, BEESHERRK
H—RIBERPINER, 2EERFSEETERS,
TRECE/NMKTRBEMASHPIEHEEK. F5—ME
HE, HNERANER, FokETREIETRERER
EAREFAEAHREABER S BB ABN, e
FEB/INRITRL . X EE BLER S 5 BORLBE B/ I R A
B, MERESBEIBRSEESEE, SR RREK.
M 3BTLUEH, RAESEREMRK, ny, HEX, X
FERRAEFSBRERK, ERAPEHREREEN
£4TF, BUBERNERORERAD, RS EENS
HEEME, ESESFNANMNEE, RikaREN.
MR, s BTRESERBIBIMR TR, XBEERF
BSBREMK, RS EBNSERIBE, AR
115 AR

Mo BRI N SRR KT 2 INAkaE, HTRER
R, TEEREERATBERREM, KNEEHHA
HWRWEEELANTEEZRBEK, REBERN, BRT
EAPNERL, H TR, BB E N/ BRI
WL, n,, WEZ 80, 5% 3 PRRKRBIHITHESWT,
B3 ANEEX ny, HERBREE (p<0.01). HAA
REBER 110C, ER/SEFRERN 300 Lh, FERESE
WEHX 1.30 m/min B, FHIBHESIBHRRED.

3 £ i

D HOSABEEERSERE. MASBERZMN
FRAKRERENSAR, EETHEMNERET
M ERERNGIHE.

2) BRMRBRARE  MERDEE n, WERSE
ShREMTRSARERRL, ABFHAXELER
Ky ==,

3) PERMIBEER npn MR R HRKRE ny,,, EZ
FERAYE E ER K, TR S ERER nyp0 SRA
WEHLERD, RUFES—SRUTHRIZSHK
’E MR R,

4) FEREIHER . STRSBREREN, 5
RS AR 2 N AR B ;s P2 S BTIR R ny,, BER AN SR
BREZSBREBHEMTGA R, BTRIIERENE
T PEAR s 7= R BB 7pe 5 FRSBRBRESRES
HRENRR Y. SRR ESTER, 3 IMEES
ERBEIBIER ZEROFER n e TR IR KR E ny,
ﬂﬁmmﬁwzmwmm%MﬂmE%

) EAEBARMFHRENESREIBER, X4
ﬁA REEHR 110°C, EHSARERN 300 Lh, T
SAEFE K 0.78 m’/min B, 4 ¥ IR A7 5 Ek 5K,
BHAKELREL, Hit, AMLSHEERARTER
WEEMAE. HTFENABRFHREHEERRS, F
WHEREA, 5HTHIAEATEERE, #4903
BIEFMEEEK, WMERENARTHILE RS
KR EEEERNEMERNRE TR IZ#T2EMNA
.
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Low-temperature spray drying performance of laboratory spray dryer for
bovine colostrum powder
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Abstract: To improve product recovery of bovine colostrum powder, spray dryers thermal efficiencies and collection
conditions of bovine colostrum powder during low-temperature spray drying were investigated, by choosing inlet air
temperature, compressed air flow rate and drying air flow rate as independent variables, and measuring outlet air
temperature, residue accumulation on different parts of dryer and product recovery. It could be concluded that outlet air
temperature was directly proportional to three independent variables, overall thermal efficiency and evaporative
efficiency varied from 47.23% to 66.68%, from 58.59% to 82.76%, respectively, and they decreased as drying air flow
rate and compressed air flow rate increased. Results also indicated that residue accumulation increased as drying air flow
rate increased and compressed air flow rate decreased; product recovery decreased as compressed air flow rate and
compressed air flow rate increased. Residue accumulation, product recovery and product loss were significantly affected
by three drying parameters. The optimal drying process parameters obtained were as follows: inlet air temperature of
110°C, compressed air flow rate of 300 L/h, and drying air flow rate of 0.78 m*/min in this experiment. The results were
expected to provide some fundamental data for the industrial production of bovine colostrum powder.

Key words: drying, parameter estimation, recovery, bovine colostrum, residue accumulation, thermal efficiency



