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Research Progress on Recycling of Soy Whey Wastewater

SUN Yiwen, ZOU Yating, MA Xinyue, LIU Miaomiao, LI Rui"
(School of Biological Science, Jining Medical University, Rizhao 276826, China)

Abstract: Soy whey wastewater(SWW) is produced in the production processes of tofu and soybean protein isolates. It has
a large discharged volume and contains rich organic compounds such as whey soy proteins, oligosaccharides and soy
isoflavones. At present, SWW is discharged into sewage plants and then treated via biochemical methods by most factories.
This results in an increase in the production costs of tofu and soybean protein isolate and a large loss of the organics
compounds. Therefore, the recycling of SWW has become a burning problem. On this ground, the studies on the recycling
of SWW in recent years were reviewed from two perspectives: recovery of active compounds from SWW and
biotransformation of SWW. The advantages and disadvantages of the two perspectives were also described. The results
showed that most of the methods for recycling SWW were limited in a lab-scale. Only the recovery of whey soy proteins as
animal feeds and biotransformation of SWW into biogas were operated in the industrial scale. On this basis, three future
research directions were proposed for promoting the recycling of SWW: reducing the separation costs and increasing the
use values of active compounds in SWW, increasing the transformation efficiency and rate of SWW and added values of
corresponding products and evaluating the economic benefits of recycling methods to determine the feasibility of their

industrialization.

Key words: soy whey wastewater; active ingredients; recovery; biotransformation
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Fig.1 Workflow for production of tofu, soybean protein isolate (SPI) and soy whey wastewater
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Table 1 Ingredients of tofu and SPI whey wastewater
B4 (mg/mL) TEFLIE K SPIFLWE 7K
MEN 3800~4000% 2000~4000"
g 7000~20000! 7000~15000"
Rl 1700t /
SE 800~1700 300~800
S 100~200 150~280%
AR A & (BOD) 5000~10000% 5000~8000
Ak e (COD) 20000~24000 15000~22000"

MFR 1 AR, R EFLIE R K & A R E R E
SR . BRI SR, & A RKE H B A = o
EAPIC . LGP ISR, AT LA RE
AR LI K A BB AS R AR 1975 4L, i FE
PRS- TS | NS R R o = = L o e ok | A 2 ST D UNE D 22078108
Ao HEI, R A RIS ZE-G R R S 2LIE %K,
X IRBELRY . 5 B YR FNREAR A MY A 7= AR EE 2
IR X . BT, KGRI G IEA R i 22 R
— PRSI ATE RS AR, R
Ja . ARERE . SN SEE P 55— R R T K
VEREEFRFE A A0 A8 = i Bl STk,
AR SCKS BRI S8 A PR R SRS X S AR R R LIS R K Y
W PSR BRI A T B 2 434, IR SE s
FLIE KGRI TR BE— 2 g i R
1 KREHFEKFIEMMZHIEL
1.1 KEFEEHE

KEFLIEHE 1 (whey soy proteins, WSP) J& K&
FLIF K T RV AR 1, FE A S TP AR 1 i ) 5
(B1FE Kunitz 3§15 FT Bowman-Birk #I#5)) . 408
BESEER | N EALEE A B-TE M I AE2H 43U, o,
Jig 45, | i 1 SR LA R A g 4 ) g E A B AR
JAPY, B-vEB AL T b 72 F T KA iER A= 77 22 2F
Wi o HULFEET, WSP AR BAA R 4 vk fnzl ik
PEREST, IEJEFET WSP TE £ i Al 2540081 19 5 vk
TENHPE, BT TR 2R B H AR G ZLIE

PR EIRCT WSP B2 43 R H A

1.1.1 WSP g sl i AR 1 Bl ol 55
I B-UE Ay B 4 N A E RS =, PRI AT TR 2L
PR R A BT ST e Je Y TRiE ke . L1 AENY
1 CHANG 251" # FH 72 M (5 A SPT ZLIE 1%
KA ENACY Kunitz BREE TGN EIR . AR 2,
B Sl B SR Ao T, SR a5 2 A
HEAERIE R A& Yiise ok, BJmimal i pH M5
15 -5E SR MR A S 0 LU IR 2578 SR B AN 22 B BE, Kunitz
Jigg 25 ¥ Tt A R AR SR 32% . 4l R 90%; TS
FORIR A pH7.0 554 N 70 R0 ek = R phredh
FRTJE SEAE W B30 N SPT L35 % /K Pz [ Kunitz
R R P BRI, HACR A 80.9%, 1H Hoal BRI Tl
Fo MAh, FRIFIFAEN I SR R IR AN ER BT EA M SPI
L AT IR T 20.54% 14 Kunitz B 1B
F5l), SR HS T BRI T CHANG 52 (R4,

BB BEAEN R FHAE uE: M SPT FLIE %7K Ah [BIi
T 92% 1Y B-VEMYE, FLEHE R G5 ECH 9. b T i
— 2B B-UE M Tl IR 4l B, S SE U HE A
SPI FLIE /K IR AR AR S-TERI IS, XS
AT T OBEDIIE . S5RFREH, HIELS & L EEITE s
By B-TEM BRI AL REEC 3.17, it T uETS- 5
L-TERS BRI AL EL(1.22) . NI, HBuESsE S 2 BEDT
TEIR AT A AR = B-UE Ry I 4 3, (HJEREAIR T B-
VEM IS TR (FEIVE S 77.54%) -

M EIRFSERT LA H, B WSP 3 B 2H 450 7
By BB EA R SE AR, I HLAEHE 14 50 B AR AH
X, X B TR E RIS R KR E 4 H AR
F R BE AR A, v 09 4 B AR HR T 2 v T4
AR LR A, 2 WSP B4~ 2H 5
TEGDY DANEE, I — EARRE S Tl A= 7™
1.1.2 WSP BRI WSP HoA K4 AL R Fl
FLALPERE, DR 22 i m] T AR G 2L K b &
RENK WSP DIFH T &40, AT, KEFLIEE K
%) WSP AR [y AR F B FRZR R | IRk
FIAHLAR A3 E5 1%, FARBS X Lhansk 2 s,
1.1.2.1 ZREEvE 8P 25 AR I IR
TIN5 HUAAE A 2L eI 1 2R 1 o AR 3R AT
{2 I EER Y N R P 4355 ok . CHENG 48091 L
FERBE A ZREEFINT SPT FLiE R /K A WSP #8417 T
LR%E, MEJS ORI ATHEIERT WSP-EEEFIR ST T
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Table2 Advantages and disadvantages of techniques for recovering the whole WSP from soy whey wastewater
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B, WSP FUEZIRCRATIA 61.21%., XU 2507 FFH
B ETILRERE TR ZEEF/CS WSP 41
HAERIERE Y, BE)5 2 -6 WA B IRGEENTUTTE,
Mifd 60.7% 1) WSP M SPI FLis k7K 4555 15k, B
SYESHY WSP Iali)E N 69.51% HBA —EmPiHT
W, IR, ZEEE AR IO G LIS K h
) WSP, {H )& 22 5E 5] 5 It B Y WSP 43 55 XfE 2 AR
R, S BT ECAY WSP W P (B AS i 5 3 ek b
JH, I B 2R I WSP Iy i H AT S ANE
1.1.2.2 BEsrEnk Bis s B AR E SR, 28R
BT A3 B 0IsN 12, T MR 258 35 R FH IR B
FINK GG R AR R BT WSP, 33875 T 4%
1o B [, A S oT TAEZE RS B T R 1
AN A EEAERS o (H i TR LIS R /KORE B 4% v FL
Sy R A, SRS YL, S T B AN = o
BT LA, B4 B AR AR MR S RLIE R /K H WSP J7 T
ARSI Tl AR 7= AR, 4285 WSP AH G
FE TAE S AE T AT IR WSP [l A i sk
. WERKH SEU SR A AR B o WSP 2R
A, TEPER ST B SCR R, — @ R LRI T Y5
Yt CHENG 45U 3@ i 72 SROPH 225 WSP AT 2%
R THSSYe . uknl W, B R EH K WSP ik AY
A ] EEAT YRR 4L, MR SER - B B AR
KEFLIEFEAREFEA P A TR . (B3, AR A
IR WSP -G 7 ik & 0 AR . WSP SR G 2
T SR BE AR TR B A f i — 2 BT 5 o
1.1.2.3 Mikaresik Wik B E—T LS A
S5y B IR T T R B 0 4y B BR, BAT IR
TRCEE FUSAMRA LS PY, S5F WSP RAF i
IRPERBFNTE R S ZLIE K T BRI B, VR o3 xT
HIPR A B 5 IR K H i WSP 547 T 9T . FhEf
TR AR 37 S B v VUK 43 B A R R R TR BE SR AR
WSP FYE LR 7.71, SRR 5B ok it i
WSP A3 FE 82.75%, JIANG Z5123 S FH4sbBE X iy
ARG B — AL T LR HEE LIS = WSP = 8.5,
[FIRER PR AL TR 43 S TR B WSP IR 80%. [
Ja, LI 8P4 R T ¥R 43 25 125 U SPI A WSP 1)
RS, FEXT T B T A T RE AL AL R REE
AT T 43T, IR RIMAEINFA 254 WSP IR S 3R
EVIPE, FET WSP HEIIRES TR WSP %5 %
EVIFERIBLSE, LT 450 3 i oS e TR S S BRI &
TIELEEEAIER T 2 LRI WSP M SPI ZLiE IR
KHRILE HE ok, dl A i 25T LAk 88.4% WSP, {H

SERT AR WSP I fEtE D g sg il de . IR
R A RS TR FH U IR 53 B L 45 A B M2 K A
KZFLIE K AR IS R A = 5 KR 83% gy
FY WSP 40 i, SCEL T iR o251k MR S 2 LIE IR K
1 WSP 19 TolkAbA 7=, B FRT RN WSP RER S5
EARMEGITE, PRI EVE sk 8 H IR e T
B . BARVIR T B HOARAE [RI WSP J 1T EL 485
BT Tl AR AR P, (H R 4 B oo A v IR AR DT i Ak
WSP DIHEHE e, S ECHFH M (E R R A
I, WA AR RS BEVE TEXTHE = WSP R A E 256
L, SRS B WSP i f b i 2B R sE Y
)
1.2 KIREHE

K FLIE K A I BESS W o 3= B A ERObE, £
FEAKTIBE . M T-0E . RERE . FLBE . SRR A PR
KGARTONH EAT PO . B LS AR 38 TR R B AR
JHE 2T, PR AT SRR A [RNACR R R L R 7K
AR B R . BT, K LIS K
RSB B0 [ vk 3 2 B ug ik, B 255 WSP )5,
KBRS 47T~ 10 kDa B9 SR BEIRBE JEA 78 uk 4k
A SRMFICR LAl 76%5 29, 1Ak, LT 4580 F)
JH NF-3A 4438 R I G AR & B b e T 2l
R 77.9% RGARRRE, HLE N 83.2%. X I IANT
A6 v R S LI R K A T RIS SRR ) 4l A R
FLIFE T X
1.3 KERE

KT S —Fh S A M R, BAT 6% T
Jea AR ARSI T REN T, T/ INJBDRE ) S e R £ ek
PETOK AR, BT SRR G A B R AR e R 2
bt R FLI RO . HE R EFLIE KR, K
S5 ] P e FEARAIR 2 R 0.4 g/LBPY, 53X 25 H i a kg
TARKMIEME, HAT, RKZZLIE K A S5 2w ) [
7k FEAAFEAEBOE AL . MRAR D 435k
JFH 28 2 A BUE AN F LA IS I 92 R 2 L5 1%
FK R RN B, FFX s PR B b A T T X Ay
Mo SCERLE AR, 8 3350 PR ik RS S e R A
SRR F] 60%. 5 8 F K 7 FLIE K K B HE il
K, ZBR T R AR K, S8R G ) AR 552
H o PRI AR LART S W2 BRHRE 1) S sh S W B A Ty
A R S SR S B AR

i TR S el 5 WSP A RIS VE T, T
LI LIU 2503 D) WSP Sl S 7R FH Py iR oy 387k
SN SPT FLiE /K vh R T R o S5 B, HL A e A
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ENKCEAT SR 4.05 FiT 87.72%, SEEL T o7 S5 i 114
AR mI, FEIE Al L, 38 o P8 5 35 E f pH il
WSP 5 K& SR 325 TP, A LR S B 1k bR
2% WSP i, il i PR el A A A S B e T S
A GG RGP, IR FH S SO TERIA R
SEEFOCRY . TR G R E KA E 2R

IR T S A el (AP B, SR FH U IR 0 B3 — I AAIR
R R AR X R LI K v ) S B I A T ) 28
PRV AE, AR5 PR FH AR B W B i —2E [alilig, 22 1y
B R T ZLI 2 /K i B 2R Bl i o R 7 S 2
DTS 24 AR 1) 1 2 R o 3
2 KEFFBERKBEDEEL

M IR, REFIEE K T s 2 242,
Pt e S TS P B R AR R RMERY . I Bk oK b
T E MR AR E IR MTCHLER B IR
B, AEH A R T RE AR . ik, IR
B2k R T 2L /KA SR IR Al o i A ) ke ek HL
Ak A BRIIAE SR = B 7=, AN AR L AR ST
dirF | EILR . 5-EIE L WEPIIR | MR 2R MFLER S,
A AN BT IR R S o T T ARG
AT VO IRGS, TEARSCPARTFGA . N Ep 4k
KT RGFLIH R K AEDFA G BT 5 7= Sop ST
FHAbHT = S O FE A TAE S 45
2.1 R

PR S P R E AR, S e i B
Sz —, [FIEhA & & AL E =Y R . KREFLIEIE
IR E SR BT DR TS S s A, BRI e E
BRI RE SRR A 32 T k. RIZKYTATA 2509 F
FHEA 20%~30% T8 FLIE R /K A 35 IR FE X /N ER g
AT T 53, 76145381 23% BUr=SRAG AR, A 550
T HEFLEE KA BOD, COD. BEfRER FnesEh ik
JE . WANG 2687 DLH e i 15 952 3L (BG-11) N2
B8, 55 T /INERBEAE S FLIE K T i AR I, S
It e W G FLIE K A AN BRI AR K
e 5L T S LI B AKX /N 2 3 A KR i A9 3 A
i, WANG 2P % 31T AL AG 2516, B R A S8
FLIE K R R /N B 22 S A W L DA BG-
11 AR 729 1.5 4%, 1AM, SHEN 45059
R SEZLIE KB AR E S SRV EME A K. 25
okE, RS G AR TR G FLE R K, X
A AT LI F=A R A Y, I BEA SRR K Ak
HRAAS . PRk, A S A B R 5 LI 1 /K 1 TV T
SRR T
22 iBS

R 25 PR35 A ep At S5 B I i, THAURI TG
o, JOMR . JCEEMPE AT H 258 AN Tolk 5 Y
TR — o PR R LIARIEY Y
s R TR, TR TR 2R FH OS2
IHIR K REERA R #N, SYAICHURROZI™ ™!
223K T A BRI R K e SR FLIE R AR A TR A

23t L 26 B o 0 2 A PR3 pH A S LIS R K &
Ben] LIA R = ES . RAHAY UM 58 T 1R .
V5 R AN B U LI R K R IS, &
PIAE 30 °C 251 F 1 SEZLIE K Esin 20% 1975
Pen] RSB RTE. ETREFUEE K K I7
PR AR EE B B IR mT A, B RTEENAh
REZS S Ep S/ A0 NN |8 o Y N 1\ N
T IEACTRAI) TR —.
2.3 KEIHEEETRR

e RN Iy G RO N s = Ui | NI o i
s HA A 35 NAIIRENGPE, PRItk CHUA 25141
T FH A 2 TR P B 2 T R S LIS IR AR A AR TR
SRRSO, 1 R B R FPoR 2 A S B IR AL A A
T TR SRR, — e B S5 R IR AL S I
TR RIS RN S PR, A ARG R T R PR K
FITHHETE. TU 2510 SR LT 2K BRI R S 2L 1%k
FeAboh T —Fpr B S REPE R, TEFE bt R b RS
FLIEE AR PUEACPERE AP R TR REAS B T A R
15, [l A T L B 7RI, AZL 557
W TR AR AR T — Rk, (E2 R A
RO A FLRR T |« BT L AN AR R AOTR A AT, FF
R RR R A T AR . IR ST R R S A
(RIS S a R AN R o e i R, R LI IR /K
B ACE #1751 DPPH [ i HE35 R AE 11453 T
ARIPETE . L36kE, ROZLIEE KIS DIREMEK
ARJERIATI . HAT, H ARSI KRG ZLIE R &
DIREMEUCR A2 AT, (HAE FE NI AR A AHE
7
24 EHE&

RGFIE K 5 E IR T Rews 2 R
FEH BRI AR TR, aE S HA PR AR I A K T2
A 2B, BRI 3 PR, KRG FLIE R K E 37
Gy 2288, ][RI R 2R E A1, nTEMEA:
PEE— B, B, LAY 2899 15 COD A 20 g/L
A 8 TR K P SIS RS U, AE 35 °C A pHS.5~
6.0 Z51F T A TIRIEK 2 B, SRAS S /== 107.5
mL/g COD, CHEN 45" F| LI /KAE 70 °C
B R A BT B AR B8 25 PRTR S TR T B P IS R AT
e, WATE R G IR T EARF RS IR AT,
FIH R P AR F =) . YU 25609 28516155
PSR4 R B BC PN R AT TR RN R LI e /K A= T
U3 B yo MIMRERSCEERY HE T LI K vh Jot
1S4 N ISR SN TR TS = AT — & PN EA
VEF, g oAb pRAR A B8 PR R B A 220 B ECFLAFF BRI 1)
FEYIARAS T I . Ak, EARAEER UG
W K g JECEE, BRI 2.0% SOHIES . 1.0% E KK .
0.5% MgSO,-7TH,O Fl 10% 2841 il 5, JH4& pH =
5.5, 3%53% 7 d AR T A4 A 183 U/mL M4r iz,
FANG 255 FI G LI5  /K B SR8 2R AT oA AT
LG T A KPR T R 46T . WANG 2554 I
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LEE %5055 | F S @ 2L RS e 3t 1 2458 5 o AR
I T B IME = RN, FERE IR
KK BOD Fll COD &R T 49 60%., %% bl
15, FIH G FLIE K T 3RS Z 0 2578, PAmifie
EERAC R . (2 R s AL T8 = I B,
R REEAEAE M Tl Ak A P i — 2B T .

3 REIUEBOKA Y AT AL i SR I R
Table 3  Products obtained by biotransformation of soy whey
wastewater and corresponding used microorganisms
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3 HiEERE

AT, A K T R0 R K 5
A, MEFE P TJT T —, SO LS K PRI HIL
YR =, AR G FLIE K A TR
JiT o SR At g i S 8L 1 ol A 2B 7=, i,
RZFLEE A0 WO H T3 ik 5 K FLIs R
IRAEHAC TR o RIBST BT FE I A5 B TESE B 9y
B, ARSI T A A 7 . H RS AR T a R
FLIE AR v i3 52 2= L P 0 BE AR X AR S35
MBSOSAAR 5, 25558805 AN 355 b AL bk B
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H T ORI AR R AR TS, PRty 22458
BRI ZF AR eI L . TEASR AT IT LA
=07 AT LA I 2 LI R K g RS 5
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