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Abstract: Porcine pancreatic enzymatic hydrolysates are rich in bioactive peptides and possess potential anti-aging properties, but their
application and development are limited by the fishy odor of the raw material. In this study, flavor improvement through microbial fermentation
was conducted, and the effects of fermented porcine pancreatic enzymatic hydrolysates on aging mice were investigated. A subacute aging
mouse model was established via subcutaneous injection of D-galactose in the neck. Multi-tissue oxidative stress and inflammatory markers
were assessed, and combined with pathological observations of the thymus, testes, and hippocampus, the intervention effects of fermented
porcine pancreatic enzymatic hydrolysates on age-related tissue degenerative changes were explored. It was demonstrated that the characteristic
fishy odor was improved by fermentation while bioactivity was retained, with the sensory score of the fermented sample increased from 4.30 to
15.90 points. In mouse serum and brain tissue, SOD activity was increased by 108.85% and 79.55%, and GSH levels were elevated by 59.24%
and 63.29%, while MDA content was decreased by 55.09% and 28.25%, respectively, by high doses of the fermented product. Pro-inflammatory
cytokine IL-6 and TNF-a levels were decreased by 58.01% and 41.19%, and 37.89% and 26.18%, respectively, and thymic fat infiltration,
testicular seminiferous tubule atrophy, and hippocampal neuron loss were significantly improved. In conclusion, the fishy odor is removed and
flavor is enhanced while the bioactivity of the enzymatic hydrolysates is preserved through fermentation. D-galactose-induced aging is delayed
by this fermented product through antioxidant defense, inhibition of inflammatory responses, and multi-tissue protection, providing a theoretical
foundation for its development as a functional food.
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PR AR O LA R R DB ER S R R T Y, T B 4R N RIS R I A S
S AH. R, PR DA M RARY U IR T OO & Rl 8 R S AR 2508 1) S BT 72 5 A
TEMRZ LN ZF i, EARE (Oxidative Stress) S5184VE 2 E S (Inflammatory Response) # A A 23Kz
AR RS ANH LI I R R, WA RE I REd, J& IS (Reactive Oxygen Species, ROS) [17*/E 51k
gt SBURFLT S B (Malondialdehyde, MDA) KRR, sEmiHIEEAEALEE (Superoxide
Dismutase, SOD) K4tk (Glutathione, GSH) 5t bBEHNHIEN. X R LR AL B S 0E A%
F 1B (nuclear factor kappa-B, NF-xB) %z SilBk™™, il MR 3LHE+ (Tumour necrosis factor-a, TNF-a) Al
LA/ 5-6 CInterleukin-6, 1L-6) 25 4 4RH K T ISR Y, B85 R AR T-H0%5 M % 20 4L 2975
AR BRI, RIS AN S AORE S S CL R U 2 F 7 ) 2 B4

BEANRE -MEREFHES, BE5EAR. B g5y i, AMUR R E A g ED,
R & KRR, BARREHTENL. FiR U 22 M, b4 A s R A B R
IS 2RI Z S, AE TR (Bioactive peptides, BPS) J&H1 2~50 /N i ik Wk i s K 4 & i
SERKES, A TS, R B AR, BRI, HUEAL. SRS RS 2 T, AR
LA RS, R A A T R SR A RSP R AT AAS,  ZE URER S T R B B A A RO
Sy TR, SRT, AEGORENEIN T 7 RAEAETE R BN . P IO A — DU B LR B L e R, PR T
AR IR TR o A R BRI R AR E S R i ey R I B BB, et
FEh eI A R A 22 I A P AN et — R TR BR3P, ey
AR s i R RN RE 2 . AR BB 2 BRI (Staphylococcus xylosus, S. xylosus) 1 A A sl i 2 1% o i FH )
Dieet Ay, HA RIFREC M. WG EEH e R BEA, 78 CGE S5 R B b it 53 77 THI Fe B HY
BRI NP, R, AR EERE ARG RIS R RS, VLR A R R AR (e, B
BA S IRANEIIRE 7T, PP SRS RIRIT S KT beAR, FEARR. SRR M. AN B IEITIR S N1
J7, A BT R KR Ak, AHE S SR 8 A7 A2 T 2 B T o e M A KRR )
IR, SR S SR R AT G, U AR S5 & T W R B SR Ak A 4R, (B8 e
FHe L E RS i RTE AR, R IR 2155 I K A sl S AR I, 3 DA AN e Ft -5 ¥ PR IR 35 DR B 5
HINA T2 JSBRTHE R P RR S AR MT AT AT, SRR E T R RPUEE N A Al 2
AAET s SRR TR R IR R T, A 1 s i - P B B A R BRI 20, FER AR A g = i
SO RN SZE0 1 U Sim R RS HET 12 FFE AR BNIKT R4t 7 B S b -0 28 - 2 45
B B 2 A SRR N AR A

Nk, AHHTT CA/INE R A SR N B FUN Y, DR NIR FURE TR R i K = 0x) D->F- RS S 2 RN
BEVEH R Z BRI IR 18I R RS D-F 3 N S 2 A, REH G/ SR AR ST
FAREI SR E M A e, BF. MR A LTESR SOD. GSH. MDA 5 R MR IL-6. TNF-o /K, &
GUiPN XM E S A RR BT A BRI R E R e 7 512 P S MR IR S I N s R S IR 58 M i Ey g 2
TR PN HZR MR AR I MG R, B O S8 A G 28 B A I MR O X e 77 . AN B FE R G T
FE TR = D AR N DU DU 2 B8 R WL, T R Pt aE 2 DhRe i & fhdR L S 1) S I ik .

1 RSk

11 sSlAtk

111 kst

SPF 2R EME EEIH/NER, 30 W, 6 IS, fAE (18~22) g, WWEMIIIAE (b)) AEMEARGIRAT, LI
JREAFAES SCXK (51D 2024-0001. ASZIGE B A ERER A (R A IRA T MsMeER R 07 %
2 YSY-DWLL-2025139).
112 A5

KWEHI & BRI (Staphylococcus xylosus) YB-12, {1 [l 73 A= 47 B P Ol B 23 03 2 3 i@ A= rh oo
(CGMCC), frjEid 5~ CGMCC N0.26373; J&ENTRGMIFE M, tHREBIZ AR AN TRRA IR AR5 (e
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2, HFEIIEAR SE RO 3. 4 F); D-2F3UME, EREHEMRHT AR AR p-INBAZ R,
IR AR AR AT HEAELEE (SOD) KIAFIE, TLHEE RS A RA R ABH SR B
(GSH-Px) KEIRF &, TTABE RS ARAR: Wi (MDA KIAFIE, TR ERAR; &St
FAARES) (T-AOC) BB E A&, AR ZEERFA WA ANREIA -6 (IL-6) FER S /i
WA, DTSR YIRIEEIRA R ANEHIRRSER F-o (TNF-o) BEECGRZEDHTIRAE, LI SEAMRE:
AIRAF HAR, EFPEEMEDEEARAF, 4, T EEmAEDREARAR.
113 ZIME

TGL-16K EEH &0obL, AREMIOCGLIG AT R AR AR]; DNM-9602 BEbr 4T, b BB ARH R A
A]; LEICATP-1020 it /KL, PR-RIXE$EFR/AF; LEICAHistoCore MULTICUT JiEEYI AHL, PRRACESA PR AT
ES500-1 fIEHL, i EHERHAIRAR]; ES500-2C #6G, SHEMERBIHEARAT; ES500-3H LWL,
ST HEERH AR AT DHISTECHP250FLASH 454941, 3DHISTECH.

12 i

1.2.1 HRRIEBEAE R B = 69 %)% (FFde 1)

HY 50 g FEMENE, K BAELIE, N 50 mL PBS ZZi (0.1 mol L, pH=7.0) 322 30 min, Z{LiRH 4 (4 °C,
3000 W, 10 min) FiBUAEHEE, FBKH Nk 30 min, AWEIE = . SRR pH 24 5.5 245, JIA 400 pl
(11 10% (M) SEEMASER, W1 pH £ 75, M 014 g BiEE AR (FSE AR, BE /1 5.0x0° UgD),
78 50 C NEHE 2 h, WSS pH SI05E, {RIE pH (A& YEREE 7.5, BHRE LG4 IRRFE 50 C LML,
BHA4E R 5, 90 ‘CKIE 10 min, 1SRRG KBEMRIAHIZE 30 °C, 58 1% (VIV) S. xylosus B, BHIGHE
KON 210°, HEATPI BORTE: 85— B 30 'C. 220 rpm $Ri%5I55E 12 h; 45 [ B 28 CHIE IR 12 he KL R
JG, E AR R B .

1.2.2 3 IR NEBRRE A A A dA )

S EIFREMI A T MRE . KSr BRT. BREERIIIE .
1.2.3 W MEAEBERR A & B & BB su AN

S GBI EE S, R 10 20T LA E EM I N 572, BB, ERS 22~28
G RIRIVPE /N BT N AR I FE AR R SRS S A, R 2 h 2R SRR . A 20 43l xt
REERTGP=ese. Ak WIRTE . AEEE LA RS RS Iahr it T e RV, YN PRAE L 1.

R ERIERY AR R RTINS

Table 1 Sensory Evaluation Criteria of Porcine Pancreatic Hydrolysates Before and After Fermentation

Project 16~20 11~15 6~10 1~5
eF RIEIE, TABE, AR, REBE, BMMER FARER, RIER  EBE. KELWRRLE, &
(20 %) RBFLEF, RiFEHY R, HEENERNR ", BRE BlEE
K BRSB AR, TTEFAW KBARET, $EET KABAAMIE, wIEA
Sok (209) TR " T T JES YL
AR 1) 3| EoF
IR RS A, REPFELBE, L REHMEHE, #ELY RARREFHE V' BRHE, MR ELS
(20 %) Adbih s BT bt ], hEEYIEF
AR A BRH G mIN, RAhEET, HIRY—, VE@EML  BHSE, VEEVR SEak. KERLEE,
(20 %) T BT IR W, BikaEsE F, BETREH— HLREEV R, 4E3R TR K
RATHZ — T HZ IR HZ REedEZ
(20 4)

124 R4, BARRLHLIT

SPF gtk BRI /NEUE IR FR L ST SEa, AW FUCRA B NS S5 B A 24 RD T,
H—X, HLFH56 d FFRASEREN (2343) C, AHXHEE 40%~70%, &F 12 h BIRE &R, AR E
. oK. B NREENL A 741, F4le N, 23 AH (B). BRI (M), FEIEZGA (PC). R LRF IR
H (DD #a 1 HAlEA (D2). #ih 1 &AEH (D3, £ 2 (NC). BfARITIE 2.
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5% N AR AR BB 770 1.8 g, R R 60 kg, DRI, AR H BN E204 1.8 9160 kg~0.03 gkg ™
AR/ AR 5, RS RO 9.0, TR/ H IR A Z71E N 0.03 gkg™x9.1=027 gkg™s 9256
USSR, 3 fifE N AIEA, 5 AAENERIEL, SH2PIRER .
R2 D, BRRAHKIT
Table 2 Grouping, Modeling, and Medication Administration Design

Group Group Name Modeling Method Drug Administration ~ Dose/g-(kg €)™ Medication Frequency
B TaH K FEMFFAELER RATIATRIE — HRERFZEEEAK
M AR E D-gal 360 mg-kg™ FT hin — DR A 2,, 8 —K, #4:56d
PC PRI 40 D-gal 360 mg-kg™ [IRBREAZ R 100 mg (kg d)!  #ARMAH, HA—K, %4 56d
D1  #& 1&flZE4a D-gal 360 mg-kg™ Al 027 g(kg o)yt kAR, HH—K, &4 56d
D2 HME1+iHsa D-gal 360 mg-kg™ a1 081 g(kg d)y! kAR, HH—K, &4 56d
D3 H&l1HHEa D-gal 360 mg'kg™ &1 135 g(kge)!  hiAgihessh, fH—k, #456d
NC M2 D-gal 360 mg'kg™ 2 027 (kg )t kALY, HB—K, &4 56d
E: B-EA4; MAEAIL; PC-FaMaffB4; DI-Afam LKA 240, D2-Afaw 1 ¥ 240; D34 1 F7H)F40; NC-H % 2.

1.25 HAKE

3556 RMEE T, /NERIEIRBREUN, 4 C#E 2 h, 4 "C. 3 500 rmin™ 20 15 min, BUMES 5. TCE#S
ECHH A B BRI ORI S2oRL, FHAEBRER/KIGBENERS SR, UL TRy, FRE. SR 3 /NI
JRE S2A. RIRAH 4% 2 SRR e, Wi, HARMWEIRREH 2£-80 Cjl. LRSS mNEY, H
THEGE G G 280 Cgil. HUAAMINEE, H 4% RHEER E, HIRE.
126 HREMEEIFFL

FRAE SRR, Al (D, () iFE/NRARERKR, Eseses.

RzﬂxlOO% (D
G0

| :MxlOO% (2)
1

KF:

R—REHKE, %

Go— 4w RAE, ¢

G— R BHRIARE, o

l— R E 484, %;

M—EREF, g
1.2.7 FHEABKIGATN T
1.27.1  ELISA VEAG A R 2 RE R -1 7K~F

KA ELISA YEIE/INRINIE . TR AR A ZH 24 SOD. GSH. MDA, IL-6. TNF-a & &.
RPN ES N RABIREREUILS 3 000 rmin™ 550 10 min 4325753, 4244 &AFHEE 0.1 9:0.9 mL
M PBS 787300k A13%, 4 °C. 2 000 rmin™ 250 20 min FRELE3E, 58 A RIS PR ORI . 17
EARAT 20 min PR =R, FOHIBEEARHES . IEDRAPUR TR, 1HRP B G TAERE DGl
FLIA 100 pL FRifEMEFREGFEA, EFUMASER@EHMBEE, U5 37 CIFE 60 min; FSE HIEIMA
100 uL A=A PUA TAER, 37 CHFE 60 min, BEHIRBEIR 3 ¥ FFLAIN 100 uL BELE G LA, 37 CIFE
30 min, ¥R 5 ¥k I 90 uLTMB JE4) 37 CHEG R 15 min, /o II 50 pL Z1EW, EEFRT 450 nm Akl
FESFL OD MH, MRFEARHEM LI S Tabrik . T A REARSR E RS, SLIHET =K.
1.2.7.2 VFEMA. BRI A LTRSS ER

YRR 2 A SE T ET, RAANFERE RN CESHASHMTIOK, BNZHRPEEN, R,
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YUK 5 pm T, BHTHARERRL (HE) Jett, B, Jer S T gigm £ AR IR . /UL
DEAAEE. VI, HE6um, HHUKYE, TOEMEE, mi e T sS4 i S T,
1.2.8 FIE5AT

AHFFAE T Origin 2026 HAFHEATHIRGE T T I BT R, SFISLIGIST B 3 K, FIrE Bl LU S
W ( x48) For, FIBANZE 20 (One-Way ANOVA) HEATL AL ELEL, DL P<0.05 T2 A Gitt 24 .

2 SERSH

2.1 R v g ) A Bk 0 AT

H% 3. 4 faill% %JLT, LB IR KPR SR AR A R R B O R 8 R AL RFAIE, 43 100 g ﬁ
AP RS EIL 1210 g, SEIER SR DY 52.40 g, HAVERU/N TR E BiEL 39.40 g; A RAEIR.
AR SRR EARE ’i\ﬁﬁﬁﬁﬁ%%/ﬂi A, P=#7K 4> 450 g/100 g FHIEM 0.40 9/100 g ZEARAR, RN .'jjm
HAL Ak S EAEMAFIE. FIRERERW], Bl S R E R R A RORE T S N T IR SR R R, E
SZMER YR RIFIIThREE IR A6, JFRENIREE S. xylosus IR A HEAIR (78 A2 I RURE 77 -

7 3 WERAEESRRY (Hm2) FEBUIERSEFRBA S

Table 3 Physicochemical indexes and main components of porcine pancreatic hydrolysates (Sample 2)

Serial Number Test Item Test Result/(g/100 g) Reference Method
1 Koy 450 GB 5009.3-2016 % —i%
2 B 12.10 GB 5009.5-2016 % —i%
3 e W 0.40 GB 5009.6-2016 % —i%
4 KAE 39.40 GB/T 22492-2008 M % B
5 16 FHRABRE T 52.42 GB 5009.124-2016

Er R A AE R Z A EBA MBI  ARYEAR L B FATR T B AT AR AL R, R T AN B A BRI AE,
AL F IS T (Proximate Analysis) AR 22404, &R PURE GERMIFHOAR AR E; IhEE 4 TCA BRE W o Mk
MAHE; 16 AR A TABKMREMNFH A, LB ZRAGEOEEETEXE, A TAERTERE M,

x4 WERITESREY) (F£5 2) FEERERRAR S

Table 4 Amino acid composition of porcine pancreatic hydrolysates (Sample 2)

Serial Number Test Item Test Result/(g/100 g) Reference Method
1 RARBR 5.87 GB 5009.124-2016
2 TR 2.75 GB 5009.124-2016
3 2§ 2.20 GB 5009.124-2016
4 i 6.89 GB 5009.124-2016
5 LEEVird 2.37 GB 5009.124-2016
6 HRER 3.82 GB 5009.124-2016
7 BENid 3.93 GB 5009.124-2016
8 AR 3.79 GB 5009.124-2016
9 BRI 1.15 GB 5009.124-2016
10 F R 2.95 GB 5009.124-2016
11 ZRER 5.61 GB 5009.124-2016
12 B R 0.61 GB 5009.124-2016
13 ELSE Y 2.29 GB 5009.124-2016
14 MR 4.40 GB 5009.124-2016
15 20 2 BR 1.42 GB 5009.124-2016
16 MR ER 2.39 GB 5009.124-2016

R RAEAZ RS Z BRI ARIEAR L B AR T R MF A IR RAALER R AR B A BFEAFAE S R AH
5
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AL F IS T (Proximate Analysis) AR 2205, & RAPUKE FGEMIFOAZ AR E; REEH TCA BMRE W ok Mk
MAFHE; 16 A ELBA R ABAMENIFHEf, LRAB=ZRAGLELLEETEXEA, NTHRRATERE In,

22 AKEH AW YB-12 3 R B I B AR A BB N R

SO S e i AR A0 PRI, i Sxylosus PISEI iR A A (2 SR T 325 138 AR At 2 = 440 Ak XU
WIIGT, DT .2 A8 A P PRI ) ot R AU it i 5 IR B2 P2 (R HTT, B 5K S. xylosus I RIS R K
PR R A BP0 PR AR SR A R OB FE AT A0 o IR AR A B T R R PP BB B AT 1 s 46
SRR, 28 S, xylosus PIBTBOR AL B IG , Fdh 172U, HEUR R EE A IRE S BT TH R E 1S S R G  #
REFRFIRE L 2 KA T BRI, ARTPS AR IEIN 1) 4.30 4342128 15.90 43, HAUBAS TS HIAR KN 1) 11.50
P AE 16.20 7p, LREEE M BITr HT 9.00 20 5ETHA 16,50 7p, SR AAGEHEE XL, P<0.001.

Jaxe T

CRERE Tk

AN

YU droro IR S R

1 JERRAEESARY & BRI R E B A E
Fig.1 Radar chart of sensory characteristics before and after fermentation of pancreatic enzyme hydrolysates
E FeR L WIRIEBEREL BE A, Aen 20 WIRIEEERAY .

2.3 TR AR AR A R R B P X N B E RO AR AR R

231 WIRIEERIEM BRI K B 3R E I K E A

SEAGHANR], SAH/NRRES R PR A 2, (EEKIREAERHEZES . B ARERINMN, R IER
KRB M AREIKENS, NRIEERILHE SR, BEKEEHHAREIS, R D-LIAMEFM
WEHE R, 5 M 4L, PC AAEMKEENEE, WUE 7R 1A M. D1, D2, D3 R4
FEEE(EHE RN AR E I, 55 S TE MRS R R A I = vk P L IR R R s o, Hob D3 4
ROR BN, HARKEBHL PC 41K, NC BRI — e EH .

Weigl
L]

& 2 RIS R E LRI = NRIAE T RIFT
Fig.2 Effects of porcine pancreatic hydrolysate and its fermented product on body weight in aging mice
E: B-Ea4; MAEA; PC-FRMATRLL; DI LKA Z40; D2-#fdn 1 /&4, D345 1 7 F4; NCAH & 2.

232 MIRNEERIRMN ALK B AT IER E 2 RR
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U B ] B S LR FRAS . A R S ik s et SAUNEUIT . WL B, SR R E R
gERGNIE 3. A ZHIANR AT RN (0 JE 2 B B o4t it 2 s S (P>0.05), 1 M Z4H/NRVE . SRR IFZS RS B
HAR LA BB ZE S (P<0.001), 435I T % 68.18%. 65.71%- 68.18%. A[AI7&: it AR Bk & B =%} D-gal
SN RAERS R R A FRRE R SGE R, HEMESCR. FN, D3 4UNRE . SRR T 3 & 515
ZUARLL, 43T 35.87%. 125.00%. 139.29%, HZE5&# (P<0.001), 7B & 1 RAITRe i KW he
SRR NRAOTUELL . R ST A R 1. NC BRI — R . Sk E PR R,
SR ThREVESEIRREA Sl A O IAE S e 5 AR TR 4R, BRI e S P S I (o o 4 4 B
MR HEE & B HIEAT VIR . ACSEG ORI R i A = R . B S B IR E B, SR S A
PRI RN B A A T - 0o e B LA RO R e S AR BN LREIR LR S B I 5 B 4 R0 RE -

‘Weight of kidney(g)

Weight of liver(g)
Weight of brain(g)

B M PC D1 D2 D3 NC B M PC D1 D2 D3 NC B n e Dl
Group Group Group

Weight of testicle(g)

0.25 H

0.1
P S Y Y T O Y I 00 L L
5 u v

B M PC D1 D2 D3 NC
Group

& 3 JERRBEESRR N AR RE /) R B AR EE RIS
Fig.3 Effects of porcine pancreatic hydrolysates and their fermented products on major organ weights of aging mice
Z: B-RAM; M-ARAIM; PC-Falxtféin; D1-#f5 LKA F4; D2-#dx 1 ¥/ 240; D345 1 A F4; NC-4£5% 2. ns.
REEZF AL FEEL (P>005). *REEZFEALITFENL (P0.05). *RAEZFBA SHELTFEL (P<0.01). **KREELH
EAMEHELITFEL (P<0.001). FHEFR.

2.4 JEFRNEEEAR AN KO R B R AN R R, AR 44 SOD. GSH L% MDA

0.00
o1
Group

K R

Hu ZBgr e 0, e SItEimEik (1 EDDQMDPMAK Al QNWDFCEAWEPCF) AN{Y A8 5 2 141
W—EME (NO). MRIRIER T-a (TNF-a) KEA4HAENER-6 (IL-6) SRR THIRIE, IEREA RHRIEERA
(ROS) &R, EERSHEEANEAR (SOD) WEHESAMHK (GSH) /K, BILHMSFKIPtELSH AP
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FThR. PEEARI RS R 4. 5. 6 For, 5B 4lMtt, M4UNRIME. W AFAE. BRI+ ) MDA & & &
wahn, e T 268.25%. 89.90%. 136.55%. 122.40%, HIJEAEEZERF (P<0.001). [FH M ZH/N LG
ks FEAE. BB SOD Al GSH 7K T 1 5 2 &K (P<0.001), SOD 7K P73 A% T 65.53%. 51.78%. 50.37%-
45.44%; GSH /K73 IFEAK T 53.73%. 52.31%. 48.69%. 50.09%, #&HIEAHAT. =& D1. D2, D3 1]
ANFIREEE G E AR /N BRI . s AR BREARRG GSH 3R, 0T &SmO R B R T = 2
P B IR AR s RIS, —ANIE D1, D2, D3 SR ANFFERE W 4K (P<0.05, P<0.01, P<0.001) %fk
B0/ BRI G AR BEAE R ) MDA &, 351 SOD i ; Hrb, D3 AR mEKEE (P<0.001),
M3 SOD EPEM GSH /AKCF4¢ M 2143 55 &4 1 108.85%F11 59.24%; fili SOD Al GSH /KP4 M 243731
REVRT T 79.55%7F1 63.29%; JHIE SOD #EE GSH 7K~F48 M 273 il i 42+ T 57.64%7H1 60.19%, JEAE SOD &
PERT GSH ZKCF4 M 2153 )5 B4 1 43.42%11 55.43%;  [A]I Ak ds /Ny« . AP, AR MDA &
BRI RIEFK T 55.09%. 28.25%. 29.92%. 35.69%; D3 ZHAF %L H 5 PC 4AH24; NC 4t — & /e RER .
AW S Hu SR8, i AES T RS BN R S e R A 25 EL T & SE MR s
fRR BTS2, HamE4lhEd B2 N MDA KIS SOD 5 GSH &, JEILHI R4 5k
PrEAALRY RRE B BB )R R AR

15 s
e
%
B 1 % o ok

= 10

3 10

. o =

H E z =

J : H E3
% 3 <

g H ) 2
S 9

13 a 2

H 9 =

g 4 2 10

L 5 g & 5
3

1
0 = L L L L 4 0 1Y Y Y 5 Y 1 P 0 0 T 1 ) I P 0 1 1 1 1 1 ]
0
B Il e U} 02 D3 \C 5 " Koom om @ X B WooR D @B N B woopc Gm [ I
rou;

Group Group Group
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Fig.4 Effects of porcine pancreatic enzyme hydrolysates and their fermentation products on SOD levels in the serum, liver, spleen, and
brain of aging mice
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Fig.7 Effects of porcine pancreatic enzyme hydrolysates and their fermentation products on IL-6 levels in serum, liver, spleen, and brain
of aging mice
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Fig.11 Pathological section images of mouse hippocampal tissue (Nissl staining, x20)
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