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WE [ BAY K 52 skt & #% K (slightly acidic electrolyzed water, SAEW ) ¥ ] 4t & 2 # (ascorbic acid, AA)
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Effects of Slightly Acidic Electrolyzed Water Combined with Ascorbic Acid
Treatment on the Quality and Microbial Diversity of Refrigerated Hu Sheep Meat

ZENG Lin' ZHANG Bin' CHEN Zhengshang® QIAN Shuyi” GUI Dongbin'

(1. College of Food and Biological Engineering, Bengbu University, Bengbu 233030, China; 2. Anhui Zhenghua Sheep
Industry Group Co., Ltd., Bengbu 233700, China)

Abstract: [Objective] This study aimed to investigate the effects of slightly acidic electrolyzed water (SAEW)
combined with ascorbic acid (AA) treatment on the quality and microbial diversity of Hu sheep (Ovis aries) meat
during refrigeration. [Method] The fresh meat samples were treated with AA, SAEW, and SAEW+AA as
preservatives, respectively. The changes in physicochemical indicators, including thiobarbituric acid reactive
substances (TBARS) value, total volatile basic nitrogen (TVB-N) value, pH, and drip loss rate, were monitored
for the meat samples during the refrigeration at 4 °C. Special attention was paid to the effects on the microbial
diversity (total microbial count and microbial community structure). [Result] Compared with the control group

(untreated with preservatives), the SAEW treatment reduced the total microbial count and coliform count in Hu
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sheep meat during refrigeration (P<0.05) and effectively delayed the increases in TVB-N value, pH, and drip loss
rate. Notably, the SAEW+AA group exhibited the most significant antimicrobial effect, maintaining the lowest
TBARS and TVB-N values during refrigeration while effectively reducing rip loss rate. In terms of shelf life,
with total microbial count < 1x10° CFU/g and coliform count < 1x10* CFU/g as the acceptable upper limits,
SAEW treatment extended the shelf life of Hu sheep meat samples from 6 d to 10 d. Remarkably, the microbial
indicators of the SAEW+AA group remained below acceptable upper limits throughout the entire refrigeration
period (12 d). High-throughput sequencing analysis of the microbial communities revealed that AA and SAEW
treatments, whether applied individually or in combination, reduced microbial abundance and diversity in Hu
sheep meat. At the same time, they increased the relative abundance of Actinobacteria, Acidobacteria,
Aeribacillus, Streptacidiphilus, and Acidobacterium. [Conclusion] The AA+SAEW treatment effectively delays
quality deterioration of Hu sheep meat during refrigeration, and it effectively reduces total microbial count and
microbial abundance and diversity, thereby extending the shelf life of Hu sheep meat.

Keywords: slightly acidic electrolyzed water; ascorbic acid; Hu sheep (Ovis aries) meat; refrigeration; microbial

community structure
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Fig. 1 Effects of SAEW treatment on the microbial

inactivation in Hu sheep meat
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Fig.2 Effects of AA treatment on TBARS value in Hu sheep

meat
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AR IR SR . SAEW | A SRR £ B
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Table 1  Effects of SAEW and/or AA treatments on the TVC in Hu sheep meat
TVC/(CFU/g)
4 5
2d 4d 6d 8d 10d 12d

Xif 1 4 4.79%10* 4.07x10* 7.08x10% 3.63x10™ 3.31x10% 1.20x10%

SAEW 4 8.32x10% 1.17x10%* 5.50x10°° 6.76x10" 6.76x10° 1.51x10™

AA 4 1.41x10% 4.07x10% 3.02x10%* 4.27x10 1.20x107° 1.66x10%

SAEW+AA 41 2.75%10% 3.89%10% 7.94x10% 2.88%10% 3.39x10"% 3.63x10%

A B R NS 7 BEROR AR R A B4 2 18] /) TVC % 57 & 3% (P<0.05)

2 SAEWFAALEIHFERABRAFEKNZN
Table 2 Effects of SAEW and/or AA treatments on the coliform count in Hu sheep meat
K I W B #/(CFU/g)
2H 51
2d 4d 6d 8d 10d 12d

o 12 1.12x10"™ 2.75%x10% 1.74x10% 2.00x10% 6.92x10% 1.48x10%

SAEW 41 4.57x10% 1.12x10'® 4.90x10"™ 2.75%x10% 2.19x10% 2.75%10%

AA 5.25%10™ 1.51x10"™ 2.95%10% 2.29%10% 1.48x10% 6.03x10%

SAEW+AA 4 4.17x10™ 6.03x10™ 1.32x10" 4.47x10" 2.09%x10% 1.86x10%

< T B ARS [F] /NB  BE SR R O [ Ak B 21 2 (A) (1 K i 8 B B % 7 W3 (P<0.05) .
2.3 SAEW 1 AA X172 &5 5 B TBARS R I Dxffgsl W SAEWAL

N N . . o, B AAL O SAEW+AA4]
2 A 6 G A7 R 2 S 0 0 5 T E 21
e s R . o)
sk ok FE 5 2 B RAE W) B O AN TR SR AR R <
N _ . . El4r
R R A E AR W, TR AR, 7 AR G o Db
. N o _ ) Db
WU, TBARS 2 VAl A 25 Hi 7 S8 1k 1) A P 4 & 207k om e
. Jas] Ca
WIS, 3 B R L 4 A kb B 4 1 TBARS {5 2 B e Eﬁa%ﬁa
oL L
2 4 6 8

AV RKRBEBETE T HZBERE =Y, F
TBARS{H & il EFt. AHIE 58 1]~ , SAEW 41
1) TBARS {5 %f B 40 2 [8] 6 2 3% 7% 5 (P>0.05),
X — 45 5 Sheng %™ (¥ HF 50 45 A AL . Xuan
SEUOTHIE TR L VA IR AR A R 42 SAEW Ab B (1 i £

i) /d
AT /N 155 < Bk 2 7 A TR) I i) Fi AN () b B2 22 i) 72 53 88 3% (P<0.05) 5
AN A K5 5 B 205 A [R] b B AL AN [ I i) 22 1) 2% St 2% (P<0.05)
B3 SAEW #v AA 4 J2 3t #1 ¥ A TBARS {4 #) % 7
Fig.3 Effects of SAEW and/or AA treatments on TBARS

value in Hu sheep meat
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SAEW 41 il SAEW+AA 41 ) TVB-N {4 % 7 8.
10, 12 d B & F 15 mg/100 g, & W] SAEW Al
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0.05) , 3 3= F I PR T AT 0 48 1 F1 PN U i1 e 2K
A e, ot 4L .SAEW 4041 AA 41 TVB-N
8 4 7 #F 10, 12,10 d B & T 20 mg/100 g, ifi
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e »

(=}

10 12

6 8
i A]/d

AN [ /N B 5 5 2% 25 A () I T S [R) A 38 21 2 ) 2 e S5 3% (P<0.05) 5
AN TR K5 5 58 3 7% A R] Ak B2 AL AN [ I [ 2 i) 22 53¢ (2 35 (P<0.05) .
B4 SAEW A= AA & 2 3t #1 F A TVB-N14 69 % v
Fig. 4 Effects of SAEW and/or AA treatments on TVB-N

value in Hu sheep meat
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(4360 2 A pH 7 T ek it B op 2 2 B AIG S T A 1
Beo TR E Y] I, BT A0 A P A A A
rh T, A B DL R B D S B AR R ) 0T AT 0 I A
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LIS [R) ) S8 K, B A W 2 i — 2D oy R B A R AR
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10 AE K B R B AIC B 1 5T 40 i AN AE 2% pHL 11 T
R TR Y AA ) pH ¥/ 0T IR
Ho AA RN, 7T LB IE 240 M i, BRI 2R
pH: [F I, AA B A B0 (0 400 B 2R, T %E 4% 2 1
(9 J3 f 5 AT 490 a2 o D 7 AT AR e e A
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WA R T SAEW M. HEMAEN,E—E
U P, pH BEARAT R T 48 K P 2 ) B 48 00,

O X320 mSAEWZL 8 AAYL O SAEW+AA4L

I [al/d
AN /N5 o R 22 05 A TR IR 1] A [ Ak 2 20 2 1) 2% 3¢ 2 35 (P<0.05)
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5 SAEW f= AA % #2311 5 A pH 9 % R
Fig. 5 Effects of SAEW and/or AA treatments on pH in Hu

sheep meat
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2.6 SAEW f AA X9 U8 F TR KR R
TR 2% 26 02 OB R SIS R 7Kk R g B () B
Fabr-e il 6 B, 4 b FRAH 1 TR R 6 35 B
a1 3 T (T4 = = W e 9 S P T QA R /A )
a3 FRAE AN N YR B ) B VA AE PR T VLR £ 4 1
DR 26 25 1), 309 00 T 44T R P e O L 5 S B K AR
N K, BT PR RED . F AL A R
B TR %) A RO T R R — 3 K, S BN
WA B 9 TR0 AR S A8 T FE 6~12 d I SR TR Y
SAEW A [ ¥ i 2% 28 ik 251K T % R 4H.(P<0.05) &
SAEW A LA ik #0 1) 4l A= 0 1 A K 5 AN Py U
T TR SR AR B 0 o R AT A2 PR 4 R R AT I
TR AAA PR R FE2dN EE /T
X HEZH (P<0.05) , 3 R R T 2 AA FFIK T 2
A1) pHL, T AL A 2 3 P AT B R RS 1 T e T
FeAR, S0 7 5 71000, WU 28 4 25 Wi 4, R
AKPEBRARDY . I, AA B4R 1 40 P R 1 38 5
SR AN KT RGN EHA RN,
SAEW+AA ZH (R 0L 5% 26 AE 0 58 RT3 (2~8 dD B
B T SAEW 41 (P>0.05) , 1B 76 ™ % 5 #1 (10~12
d), SAEW+AA ZH 1 ¥ I 2% 28 A5 AH (7] I 58K i [a]
[ 4k B 2H P B A% o 5 A AT SRR AE K 56 I e
PEANIR T SAEW P 5] AA S AL AT 4 7K R

O] mSAEW4L B AA4L O SAEW+AAZL

THRIRLR %

AN [ /N5 5 R 2 TR A [R) IR () AN () b L 2H 2 i) 22 S X 2 (P<0.05)
AN K5 5 58 3 0% A [R] Ak HE LA () I ) 2 i) 2% S 2 25 (P<0.05) .
E 6 SAEW fz AA R #F AT RIAKFENH R
Fig. 6 Effects of SAEW and/or AA treatments on drip loss rate in

Hu sheep meat

27 TVC.KBEHHSELIERZBHEXMS
S
W 3~ ,TVC 5 TBARS {6 .TVB-N 1§ .pH
AU VR R 22 B IR AE G, K R A £t 5 TBARS
{8 TVB-N{H . pH VT 2k 2 IEAH K . W ¢

BE3I2H 2026 3 A | ER5EMEARFER

WA AE R AE K BRI T FEERE RPN
WA R EAK BTG, BN 7 P40 i 45
1 56 B, 5 800 F U Y TBARS 5 . TVB-N 1B .
pH A VR 2R 25548 An R A4k, IX R B TVC A
N7 | P s i R S Al e Y NI
S R P W1 A1 I R R S /R iS22 [
VA it J5 1 95 A T B B KT 2 TR TR AR

®3 TVC.XBEBHSELIERZ B HE XM
Table 3 Correlation analysis between TVC, coliform count

and physicochemical indicators

o TVC K M A
Ak T8 br
P R P
TBARS {& 0.794 0.000 0.705 0.000
TVB-N & 0.928 0.000 0.921 0.000
pH 0.757 0.000 0.764 0.000
TR R R 0.857 0.000 0.843 0.000

VM ROVIEHH P<0.05 I, P9 # 5 EAH G 4 R N 40 H P<0.05
W, P R A Y P>0.05 I, I M AN B 3 .

2.8 BABELEH
2.8.1 BN FHAERE A OTUs 5 47

55 R A G0 1 85 37 40 B8 07 5 55 08 AR ) B R
FHEE 5 v 50w DL R G i 2 5 AR A
(00 DR 0 20 o A A, B0 4 A1 =R B AN T B 9% 1 AR
BT, N T RN AA S5 SAEW T [ 400 B A% R 1 4
FA ML, AT 78 K F i 0 7 5K 0 A 7 2
PR i S THD PR A AR B R A A . AE R S, 16
ANBEARIEIRG 1155270 % B8, FMEARSF
BT HN 3 BN 72 204 %% o XA ROF B kAT SR 2K
M, 3535 191940 OTUs, 4 DAL B4 3L 29 4
OTUs, X 5 OTUs S/ 1.51%, WK 7(a) . #)Fb
Venn 73 #7 45 R K 07, X} B 240 .SAEW 41 . AA 41 Al
SAEW+AA 4 1] OTUs # & 73 7l 4 1 066.362.518
1299, % ] SAEW .AA Fl SAEW+AA 4 7] DL i />
WE R RUEY I OTUs B, IX 5 1 7% 2 501 ik
B 45 B — 30, £ AA F1 SAEW Ab P31 2 Py 1y T
A A P R B e AR . AR AR
75 BT (PCoA) 45 B & 7x , PC1 N 10.71%, PC2 Ny
31.61%, % 40 N I FE AR S % SRR AE — S, R AP AT
4H 2 8] T  SAEW 4L AA ZHFI SAEW+AA
H¥)E XAV EX 7, &Y SAEW. AA H
SAEW+AA 4b B 20748 1 38 3 PR 0 A= 10 8 7 1 45 4
A, B 7(0) .
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o 2 FEPEFE H0T T SR AR T B O A
ZFEPE. ACE#E40H Chaol 5 0B K, REA B RE I
F= & B85 s Shannon F5 0K L Simpson $i5 HEk /)N
FEA B BE ) 2 FEPE G, R 4 TR, & FE L I
i R IKF) 99.90% , F B I FIR FEAT, W TR T
o Z FEME WM. SAEW 41 il SAEW+AA 4 1)
ACE #8 %} . Chaol & Z{ f1 Shannon & #( ¥ 1ik T %I I
H,1M Simpson e E m T XA, XRASHEEM

SAEW#

xof EZH

SAEW+AAZL

(a) Venn

FEF: MBEMEBEKDERAMBLENSESEARRRMEYSHEENTZM

B IR, AT 4 B R PR s A K B K2 A
Y5 T s AN F A B 3R B4y, T SO BE 0 R
MZ PR DY, SAEW 0] % KA 43 4l i, 5 5
WA EE EMEZ R TR, AA4H ACE#R
H A Chaol $if ¥4 b 2 A8 T % B4 (P<0.05) , 1
Shannon $& 20 F1 Simpson $i 25 X #8240 AH b G 2 3%
ZE 5, R AA W BRACHI - R FE AR B £ & B H
SR B 2 RENE . AASZI T RUAE A KR
BOUH R pHD, BB £ 8 ¥ R AR T AN,

0.4r o e

* SAEW#

< AAN

* SAEW+AAZL
02F

°
°
L L Y s
. .

PC2 (31.61%)

-0.4 -0.2 207 04
,0,4 =
PCI1 (10.71%)
(b) PCoAIH

7 OTUs# A% % Venn B = PCoA K
Fig. 7 Venn diagram of sample distribution based on OTUs and PCoA plot

T4 aBHFMERSN

Table 4 a Diversity index analysis
5 ACE 184k Chaol $5 % Shannon $5 % Simpson 1§ % 5%
of H 2 282.15+31.34° 285.60+28.94° 2.71+0.34" 0.74+0.06* 99.90
SAEW 41 120.79+15.32" 127.44+12 .47 2.42+0.17" 0.87+0.09° 99.90
AAYL 205.42+18.71° 215.64421.58" 2.64+0.26" 0.79+0.06" 99.90
SAEW+AA 4] 102.93+14.53" 105.87+9.45° 2.28+0.32" 0.92+0.08" 99.90
T [ AU RN - BE R A [R] 4k FELAL 2 [) 22 5 8535 (P<0.05) 6
283 TIK-FLAHLEMKFELER K W J& (Escherichia) F 18 % M W &

TETT7K P B 5 AN [A) 4 B 2H 1 B B 45 74 7K 1 gk
ITERSV, WE S, MXTFEEEL 1% MEITH
AFJ% B |1 (Proteobacteria) - J& B B | ] (Firmicutes) «
. M B 1 (Bacteroidota) fl A 2k H 17
(Actinobacteria) » 7 XF {41 7, 2 T B 1] F1 = BE
TR o 200 A0 3, 9 3 A ORE 3 2 o LR 94.47 %
I T EBETE 14 H AR B A ATE, 2
MEh R Z M2 E ). SAEW HRETEE A
X3 R T R (P<0.05) . BIEE TS A
KEM MR E A E, I KEE
(Salmonella) < X g ¥ 1 J& (Escherichia coli) 1% Fi

(Pseudomonas) %11, SAEW H H # I ¥ 47
RO M) 7 ox R g B 1 AR KB, T ZE K T 3
P B2 28301 . SAEW+AA 4L (178 2 B 11 A0 X =F i
B EACT X AL AT SAEW 41(P<0.05), £ AA 5
SAEW TE #1122 % B 17 B8 BF 3k 72 rp = 22 7 B [ 2%
Moo BEAh, SAEW 4L Hl SAEW+AA 4L i) i 28 1 1]
FR AT 5 1] CAcidobacteria) B A X =F F ¥ & 2% &
T X B (P<0.05)  JRZR T 1T R B9 VF 2 40 1 1T
A A1) L At 9 R A I A K B G TR E T
J& (Streptacidiphilus)™ . & ¥ B '] 0 W 8. 1 41
B SAEW R AA VA Y AT B AR 2 I ) pH, A
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BRE32H8 2026 FE3 B | RMEEVEARER

LERSESERA

m R

m SAEW4L

= AAH

B SAEW+AAZ

P AT T AR B SR A 7 A R SR A o BRAT BR K
BT AT L R N S R T OB B T AR T
K RE FRW BT, DT 7 Atk o5 5 sk A= 40 1)
ARKEE. B, 58 R R TR R A R ] A AR
VAR T T R B T KT S P R AR
284 BAKFEREBFLEMAKFZF

TE J& 7K P b5 AS 7] A B 20 1) B B &5 A K %2
AT T, R I 9. A I 1% 1
& A B 5 TR R 2 R IR & (Listeria) AT
W J& (Acinetobacter) \FL ¥ J& (Lactobacillus) \ if
S F AT B (deribacillus) 0 1) R J& AT 3
J& (Bacteroides) \ 1) B X B J& (Serratia) #1315 A K
R o fE R R R PR B R 2 R IR R
ANB AT TR & AN FLA B R o5 A B # 4 Fh B AR
RO 84.06% o M HL I TR AN AS BT IR R 72
H AR Bi v oAb A TE e AT AT DLl a7 AR Bk
Sk 00 o) At TR I AR K, AT R B
FOGF R BN R R B R T LUK R 2 R R
KRR M= IZERFEM, 2GR E R
o WL 1) 2 O B R TR R U, 2R R S
Yo Bt B H W RE K B, IR RS B AR TR W
SAEW ZH v K F6 75 40 T 1R AH 0T =F B2 2 251K T 0k R
A, A 5 B R L 2 R IR R L A B AT T R A
AHEES. CAHWTEN, SAEW X K75 &
5P B0 T 1 A K T LA B I R
WX A K EE, MK T ER

]
ANF)NE BR8N R Ak 31 41 2 JA) 22 5 Bk 3 (P<0.05) .
B 8 SAEW A= AA XY K -F L 2 2 4 89 % o
Fig. 8 Effects of SAEW and/or AA treatments on microbial phyla

35rg

m A
or B SAEW41
25+ mAAH
S B SAEW+AAZL
% 20
H
=15
=10
5
0 Ca, € aa;
&
ST TTTTTTTTT T
FESSSEFEFEFSESFs
ETEK HT TOSEH & ®

ANF) NG - B R OR AN R A B2 2 () 22 7 B 25 (P<0.05) 6
B9 SAEW Fo AA S 32 34 & K- LB 2 45 ) 6 % i
Fig. 9 Effects of SAEW and/or AA treatments on microbial

genera

FI TR 58 . SAEW+AA 41 HF KB 2 i B 1) AR X =
FE B E AL T SAEW 4, an B o M B B L 2= B R G
JB MY E K E B (Serratia) % , T W] AA /£ SAEW
0480 JOF W B e R T AR T P R OB A R
SAEW 4 Fl SAEW+AA 4 1) 4F 44 2F 1 #F 56 @ +H Xt
F B ) B T IR 41 (P<0.05) , H SAEW+AA
2 1 47 SR 2F AT T JE AR W 2 E B 3 T SAEW 4
(P<0.05). ZF fio A B mT Lhod i /™= A2 9 A A7 R 3K
POAN R ABE AT R & o BeAh, 2R B A K
B PR, s TR o bR, AT DL O B A SR 40 ) At
AEMAEMHAEKERE" . SAEW 4 .AA H
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SAEW+AA H 1 1 # IR & W B 1 B AT W )8
(Acidobacterium) W] 8 %F = J& 3 & 3 & T 5 A
(P<0.05), H SAEW+AA 41 1 ) %% 2 & 14 J& A IR
B B A X 3 B E m T SAEW 41 (P<
0.05) . % W 1 & A IR AT 1R i 0 B I AR K A B A
fig PR T, SAEW HI AA ¥ ¥ ¥ 7T [ AR 90 2 A o
M pH, NEAMTAK ZHEEM T H R %M. R
WE BRI LA R ) A R AR A K
BN R T R 1) K R A A L O 2 R 2R T
e 55 B BE L TH FE T KR AE IR, AT ) T
Tl JE B AR D AR K B . DR, B2 i BE TR R A
Je& R0 R AT BR S 1A R T BE A B T AE K SR A 1R
.

3 g5

9 ARAY — Tl B A AR AR T2 R
SCERFL T SAEW Hh [A] AA b B 61 2 1A ¥ ek 4 [A]
i AL R A 2 R R R . L B E T
SAEW Fl AA 1 f5¢ 14 4b B 4% 1 : SAEW % ifd i) [H]
3 min AA ¥ 22.72 mmol/L AA 3= 0I5 7] 3 min.
I e 3% 56 45 SRR B, SAEW A R T 2 W R
91 AR K, AR T TVB-NE AT pH 25 23 4k 45 5
B EFHE R . SAEW+AA AbHE ) 75 2030 5 1 [
IR FFE T B AR A TBARS E AT VR 2%, BH 2L
b2 11 71 B S == W A LT 2 S 1 o)
SAEW b BRI S P TR 2R AN 6 d IE K & 10 d, 171
SAEW+AA A T A= 1 4 b B 2 A8 AN ¥4 5800 7] Y
(12 DRI T HZRAE. mEENFERERNY,
SAEWHAA A AR T AR F & EMN 2
FEVE d0 7B M AR KB . 28 ERTIR, AA
Al Rk SAEW [ 1 5 A M Re 1 P , 5 SAEW ZE 2%
1 2F A 5T 25 A8 7R A T B E R JiE 2R ]k — P
TR SAEW F AA 4b BE 6 = R B 5 S8 AL L R
WK % W) o1 A5 7 THI I S2 0, 9 SAEWH+AA B A IR
ficf 70 75 7 A O 5 U 1R 8L HE )T R i 2
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