%16 % #5210 JEg I R Vol. 16 No. 2
2025 41 A Journal of Food Safety & Quality Jan. , 2025

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20241014009

SIAMN: D, oo, EHl, % HTESENEEARSTERBRILE LS R ICE TR M), &5 4w
il 2412, 2025, 16(2): 138-146.
MA J, GUO YS, GA RD, et al. Comprehensive utilization and nutrient analysis of traditional sour whey based on composite

membrane separation technology [J]. Journal of Food Safety & Quality, 2025, 16(2): 138-146. (in Chinese with English
abstract).

ST A B H AR LSRR TLI )
A P

o % AR, EAw ! L 2ALY o+ B @R
LEE AN CXCARE I

[1. SGAREREER B, BARTEEE 0260005 2. 85 ARSI B A S BF 56 I S E6 Ars
(BB ARER B A A & 7 G A ), B5ARIEEE 0260005 3. IEBEHEK AT ZLHG ), SAkIEE:  026000]

¥ E: B8 xﬁ%?ﬁﬁﬁféﬁ%&ﬁ?ﬁ&J&ﬁ%é‘%ﬁi%ﬂﬁ%% SHERMME. B RAEGE S B
AR, BAEGIRILIE B B R — . R W FLIE ™ i . u%mﬁ feli. K. 090, LB &
%ﬁvﬁm‘éﬁ, SIRTT A B E FRRHE S AT R e, 865 4 FhELIE AL RS RQ-1 T LIRS AL (AR D)
i 47.4 g/100 g); TN B RQ-3 M= B M Z IR S (R AR & & 3.52 g/100 g; RS 0.92 g/100 g);
E«FH;-&A@ T RQ-5 M4l Z2 KRB AR S (IR 75 1 0.87 /100 g); BB IR B3 RQ-9 RT F T84 IS ik i i T K (K
SOy 0.88 g/100 g, Aty 5 FpR EICER) K FURAY BRI A (FLIE S 3.92 ¢/100 g). 4RI (ERBRFLIG A
R HHOC R BIBUR I, B4y 85 7 i R HER A R TR TR i il T 77 28
XBI: o, LRI AR

Comprehensive utilization and nutrient analysis of traditional sour whey
based on composite membrane separation technology

MA Jing', GUO Yuan-Sheng', GA Ri-Di', SUN Li-Shan’, LI Chun-Dong'?,
HU Ri', LIU Guo-Qiang', XIAO Fang', ZANG Xin-Yu', GUO Liang'*"
[1. Xilingol Vocational College, Xilinhot 026000, China; 2. Xilingol Food Science and Testing Experimental Center

(Xilingol Agricultural and Animal Products Testing Center), Xilinhot 026000, China;
3. Zhenglanqgi Changhong Dairy Factory, Xilinhot 026000, China]

ABSTRACT: Objective To analyze the nutritional components of traditional sour whey and its products and

explore its comprehensive utilization value. Methods The traditional sour whey was separated step by step into a
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variety of homogeneous and stable whey products by composite membrane separation technology. The content of

protein, fat, peptide, mineral and lactose was used as evaluation index to analyze the nutritional characteristics and

availability direction of these products. Results

Four kinds of whey products: Thin cream RQ-1 for milk

standardization (fat content 47.4 g/100 g); microfiltration membrane interception liquid RQ-3 was a high-protein and

polypeptide drink (protein content 3.52 g/100 g; peptide content 0.92 g/100 g); ultrafiltration membrane interception

liquid RQ-5 was a pure peptide type drink (peptide content 0.87 g/100 g); the reverse osmosis membrane interception

liquid RQ-9 could be used for the development of mineral drinks (ash content 0.88 g/100 g, 5 major elements

detected) and the recycling of lactose (lactose content 3.92 g/100 g). Conclusion

“Turning waste into treasure” of

traditional sour whey is directly related to the increase of herdsmen’s income. The membrane separation method

provides a new solution for its comprehensive utilization.
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Table 1 Application of separation membrane in food industry
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SR bRy 3 (S H
FEERET]  AbBrEE LR T IR BRI it -
MF: F%EE, fL4% 0.2 um R 25 °C; BEIEE JI: 1.5 bar; MF: BRAR/BRIF 1]

AW MF+UF+NF UF: EE(S kDa)

NF: RBEHZ(350 Da)

[
T 25 °C; B5IRIE J7: 1.0~1.4 bar; UF: 2GS EAARELTY.  [12]
IR 35 °C; BSHK 1 40 bar

NF: [aJcpL s [13]

MF: RO RO, TN

MF: /R R/ g/ SR
S 20-35 °C: BEBRERIGBREN: (14

e MF+UF . UF: #iEMkds: R8T 38 [15]
UF: 300 Da~500 kDa PSR J]: 0.5~3 bar W ep s [16]
Rim 3 ). BERREFYEE e 1e o s ) UF: BEBe(BRERI) . L6, B 17
- UF HT(3000 Da) TRJE: 45 °C; ¥ 500 r/min - 18]
TR EE: 30~50 °C; UF: Bl (EBRBERR) . Wit B
® 20000 X
uF IR (20000 Da) WSBUE ) 1.5-2 bar MR
- SHLRE <) o 1S I [ [20]
— MF A HUHIERE0.1 pm) L 50 °C; BEHEIE S 1.2 bar 3T /7 T 1]
UF FA — I L H5(200 kDa) BRI T 3 bar RS [22]
L 0~45 °C;
G707 -R i — I L (8~ . S ENE
” UF 71 L7 - SR M i £ M5 (8~10 kDa) PS4 0.2-0.8 bar BRI AL AN [23]
RO MEM(200 Da) TR 25 C; M) 6.9 bar FATHL iR [24]

¥ f#UE (microfiltration, MF); #BJE (ultrafiltration, UF); 447€ (nanofiltration, NF); %% (reverse osmosis, RO).
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Fig.1 Concentration and separation process of membrane system
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13 ENEW /N TR S
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0.00~3.00 min, 99.0%C; 9.00~11.00 min, 95.0%C;
12.00~30.00 min, 99.0%C.
1.4 HIEALIE
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BOFLMIR, & MF BOR4EE R RQ-3 MU &, MR,
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PR TR S B R FELW, 62 Gk
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Table 2 Parameter table of membrane separation process

FE S FE b 24 B JEE T Bt /kg 3t R R] /h JIEE38 /(L /h) JEJE J1/MPa
RQ-2 MiAEFLTE / 200.0 / / /
RQ-3 MF # B & 21.7

— MF [ 8.0 450~180 0.20
RQ-4 MF &I 161.5
RQ-5 UF 8 W " 14.4

— UF fiit 1.5 2500~2350 0.35
RQ-6 UF &l 144.4
RQ-7 NF B 28.0

. NF i 3.0 2100~2000 0.80
RQ-8 NF i# 2 # 113.6
RQ-9 RO # W 17.3

— RO Jii 1.5 2000~1800 1.00
RQ-10 RO & 95.0

TE: AR, R
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EA . a-FLAEALRERREAD, WE 4 FiR, RQ-3 A
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Fig.4 Protein content of each whey separation liquid
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25 T RQ-7 MRQ-9 (P<0.05), {HRQ-3 F1RQ-5.RQ-7
1 RQ-9 Z A W 125 57 (P>0.05) . 2554 &AW &
FFE SR, A RQ-3, RQ-5. RQ-7. RQ-9 Hk# 4t
HREARSENE SRR 26.1%. 100%. 100%.
100%., B RQ-3 H & ik & i 5 SR U3 9 1/4, T RQ-5.,
RQ-7. RQ-9 B EM G YA, A& [, RQ-3. RQ-5
MR S R (331 h 0.92 /100 g F10.87 g/100 g), HER:
PEA B34 (P>0.05). RQ-7. RQ-9 MK E&43 0 0.38 g/100 g
10.40 g/100 g, Z2FMERBE(P>0.05). WATKE, 4
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Fig.5 Peptide content of each whey separation liquid
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H1 2 3 AT, RQ-3 1Y B S S A 2K £ 5 B & i fe i,
10 Fhiiy B 2 LRI B 5l 826.8 mg/kg. R SR A
PR AR g b 1 B R R, 76 MF AR B b 1 & i 4,
Kt RQ-3 7T LMENARSF 1 E FANFAIR A o J35h, RQ-3
it MR AR, WORIETEAMR. AR, &
R . EEARNIX R E MR A . P #80E
YT A —EVEH . It RQ-3 Hofe—E Ry ThRENERS),
TAh, W AR RIS B S FE R B W Kk B A
AT A CERPO ERARAE | 432, RQ-3., RQ-7 ]
I A R FEBR (Cys-A . Lys). FHIREJERR (His), 57
TR ELTR (Tyr) M B R S LR (Met . Met-s) 4 A, T RQ-5 Bkt
ISR IR IEIR, RQ-9 (il /D55 7 15 2 S R R 2 SR

INE TR B KR £ FE |, RQ-3 1 T HAFLiE B
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AWEREABZET . wefb. KAk, BB EH R
BR K 4y o Wil 6 Fron, JK4r A& RQ-3>RQ-2 .
RQ-5>RQ-4, RQ-9>RQ-8, Bl MF i, UF ., RO JH¥k 45
J& FLIE WK 53 W R K AR A K A i . i NF B4 f5
TRy 0 /N T AR BT IK 43 1 1 (RQ-T<RQ-6), 73 #h NF B4k,
B RQ-7 Hi&Eid W RQ-8 MK/ & EESFADHE
(P>0.05), BPHA NF BERyuk s tuARF HoAth 3 F o B, i
PR NF B P BE 5 UF B2 A K . RO [B3 B B2
THWBW RQ-8 WL T AT LS A, BT 43 Bl
RQ-9 MR &b, M 0.88 /100 g, 3 T HAh& %
FLIEB AR & R (P<0.05). £ FLIE Ko B i /N T
BALIC )T B i (FLERBS T ) oy BR o DR, ZLI IR
Aot B LB AR R i, IR E R 7 ATLE
RQ-9 &AH ., &0, B, 45, 56 5 i oo, nlREA Ak
WA, A BT IR BREAS 45 BRI & AR R
RPN Lx b, BRI R I RQ-9 NH WAL -
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i & 8 U1, RQ-1, RQ-3. RQ-4, RQ-5. RQ-8, RQ-10
FLBE S E/NT 2 ¢/100 g, HR4E GB 29050—2011 { & &A%
EFE BB E IR ) har, DL RIS
Y B MARFLE S, W] LIS % LA TRHAE ) & AP0
7 L AL SRR FLE POVR BE, WIS H ZUAHE 2 MF
UF i, NF . RO BEAYFRE R 51500 41.72% . 57.01%.
35.11%, 0.75%, BRii0: MF [, UF &, NF &R 2L AR
FUM A, XWFURIMRE A m, RO X ZUM Y
Fer, RQ-9 MIFUMHE RN 3.92 ¢/100 g, % i T HAbFLYE
AY B (P<0.05), T LI RQ-9 FLk i I T LA i [l 40,
[l WA %) LB — TR S I 81 £ o v P T R B 5 B A LA
Ji—JrE, IR . NGy, e A&
W24 A — 2 R

*3 ILFENBRNEEEERS 2 (ng/ke)
Table 3 Content of free amino acids in whey separation liquid (mg/kg)

SR HE RQ-3 RQ-5 RQ-7 RQ-9
1 MR Ala 5.8+0.4 / / /
2 PNRES 13 Asp 67.0£4.2 / / /
3 T I N 2R Cys-A 58.6+2.8 17.0£1.4 6.4+0.9 3.8+0.2
4 AR Cys 36.5+0.7 / / /
5 W Gly 24.2£1.0 / / /
6 R His 51.6%1.6 18.6+2.4 39.0+2.1 /
7 iR Lys 85.0+2.1 13.6£2.4 45.8+4.5 /
8 HHAR Met 87.0+5.0 / 19.0+3.0 /
9 BRI Met-s 392.0+8.1 78.4+3.5 256.4+13.6 12.0+4.2
10 pix=Nivd Tyr 19.0+2.2 / 24.2+1.4 /
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Fig.6  Ash content of each whey separation liquid
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