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Abstract: This study aimed to systematically evaluate the impact of lactic acid bacteria fermentation on the nutritional
composition and flavor quality of birch sap, providing a scientific basis for the selection of strains for fermented birch sap.
Eight distinct strains of lactic acid bacteria were selected to ferment birch sap collected at various intervals. The study

comprehensively analyzed alterations in physicochemical properties, antioxidant activity, amino acid composition, and
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volatile compounds of birch sap before and after fermentation. Results indicated chemical composition disparities in birch
sap collected at different times, with early sap exhibiting higher sugar and acid levels, a more diverse array of volatile
compounds, yet lower content of flavor amino acids compared to the late birch sap. The eight strains had good growth and
metabolism in birch sap. After fermentation by the strains, the pH and reducing sugar content of birch sap decreased, while
the total acid content increased. The antioxidant capacity of birch sap was enhanced. Through analysis using high-
performance liquid chromatography, a total of 21 amino acids were detected in fermented birch sap. After fermentation,
both sweet and bitter amino acid levels rose in early birch sap, contrasting with a decline in sweet amino acids and relatively
stable bitter amino acid levels in late birch sap. The composition of volatile compounds was analyzed using headspace
solid-phase microextraction coupled with gas chromatography-mass spectrometry. A total of 46 volatile compounds were
detected in birch sap, with both the variety and quantity of volatile compounds experiencing significant enhancement post-
fermentation. Notable variations in quality transformations were observed in birch sap collected at different time points
following fermentation. The changes in total acid content, reducing sugar content, amino acid composition, and volatile
compounds of fermented birch sap collected in early sap were more significant. Principal component analysis revealed
distinct quality differences between fermented and unfermented birch sap. A comprehensive review shows that lactic acid
bacteria fermentation can enhance the flavor quality of birch sap, and Lactiplantibacillus plantarum BB16 is considered the
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optimal fermentation strain.
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Fig.1 Viable cell counts of 8 strains after fermenting early
birch sap (A) and late birch sap (B) for 48 hours
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Table 1 Linear relationship of amino acid standards

IR LHEXR RRE LIHENEH (mg/mL)
BHER y=4407.2x+3.8879 0.9971 0.003125~0.1
BERBME  y=2508.3x+29.3400 0.9938 0.009375~0.3
WEER  y=5018.6x—12.6580 0.9944 0.003125~0.3
IR y=6929.8x+1.4596 0.9989 0.0125~0.4
KA y=2267x+2.0722 0.9964 0.003125~0.1
REBENE  y=2034.2x+6.8518 0.9986 0.009375~0.3
INEIR y=4816.7x+1.6228 0.9999 0.003125~0.3
PEER  y=5954.8x-12.219 0.9983 0.003125~0.3
AR y=4634.9x+6.9845 0.9996 0.003125~0.3
TR y=32701x-63.3800 0.9989 0.003125~0.3
WNER y=7932.3x+9.1597 0.9987 0.015625~0.5
SR y=5055.1x+0.4865 0.9984 0.009375~0.3
SEE R y=4941.8x+2.4171 0.9997 0.003125~0.3
i R y=3931.7x+3.4992 0.9986 0.009375~0.3
R y=2106.7x+9.0194 0.9982 0.015625~0.5
RN y=4100x+2.4106 0.9988 0.003125~0.3
HH R y=4933.9x+1.0603 0.9989 0.003125~0.1
AR y=6401.4x+4.7771 0.9992 0.003125~0.3
HaER y=7359.8x—0.4307 0.9988 0.003125~0.3
AR y=3310.9x-8.6375 0.9979 0.009375~0.3
o 2R y=1462.7x+2.8902 0.9855 0.003125~0.3
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before and after fermentation
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B AR AR . 2R AEAS [R] B HA SR AL e 7
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2.4.3 PIREILRR M LR AT R T R S R
BB16 &M AN FEZH (997 IR Z IR S s e, HL
MBI T 100 pg/mL. J5HA AR 7 & 7 e Pk ad 2k
iR B e O] 22 5, S TE 114 pg/mL 2245, R CI125
Ab B B EEIRTF 100 pg/mL, PP BREILIR H 52 &
R i o, SE R EE 2 100 pg/mL o T H:
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Table 2 Amino acid composition of early birch sap before and after fermentation

P SR (pg/mL)
RILRRFIA
UFJ NEFJ BBI6 C10 B4 LB64 MKS2 MKS1 CI25 CI72
AR SR
Ham ND 0.32+0.31° ND 2.89+0.56°  0.98+0.23°  0.52+0.05°  0.40+0.02°  0.35+£0.09°  1.39+£0.36°  1.19+0.18°
WER TR 4.27+0.83° ND 4.67+0.40°  6.37+£0.08°  9.48+3.44°  8.71£0.22® 9.17+091°  4.52+3.64°  8.96+0.49"
27 0.62+0.01° ND 0.35+0.30° ND 0.17+0.21° ND ND ND 22.62+3.30° ND
AR ND ND ND 0.57+0.13° ND TR 0.05+0.08°  0.29+0.08"  0.09+0.15°  0.03+0.05°
IR 0.98+0.04° ND 19.61£0.56°  8.75£1.10°  1.89£1.92° 69.73+0.77® 5.52+0.04% 63.61£0.45" 68.43+11.90" 71.60+1.52"
HEZERE  3.55:0.40% 3.79+1.74°  2.90+£0.34%  6.49+0.00° 5.74£0.05°  6.70£0.35"  6.22+027® 2.59+0.01°  525:1.18"  4.01%£0.03°
AR 15.55+1.08° 14.99+0.84° TR 0.7240.07°  6.03+0.55°  0.96+1.10°  4.87+1.40° 23.90+2.37° 22.61+13.10® 28.16+2.72°
WHER ND 526+541°  3.90+1.12° ND ND 6.21£0.54° ND 6.19£0.91°  11.57+1.59°  6.11+1.35
RAFER  15.55+1.08" 14.99+0.84° TR 0.7240.07°  6.03+0.55°  0.96+1.10°  4.87+1.40° 23.90+2.37° 22.61+13.10® 28.16+2.72°
HIRE SR
AR 2.18+0.04™  2.10+0.02°  2.28+0.20°  2.110.18° 2.20+0.03%  2.45+0.07°  2.19£0.03% 2.2240.08*  2.15+0.02%  2.15+0.02"
AR ND 1.93+1.68° ND 3.02+0.08*  3.18+0.01*°  3.78+0.15*  3.26+0.07°  3.34£0.21°  3.36x0.09"  3.17+0.03"
HEMR  28.91+0.16° ND 2.86+2.54° ND 2.10+1.83° ND 3.65+0.05°  3.75+0.30"  3.61+0.08°  3.60+0.05"
SR ND 96.71£3.69"  8.56+0.29° 101.26£3.77° 106.81£0.37° 91.17+4.86° 107.09+1.35" 102.43+2.35® 103.29+4.27% 105.38+0.52%
SERERR 17.98+0.320 4.64+1.130  27.73+2.35° TR 0.14+0.25¢ TR 0.39£0.26°  5.40+0.88°  10.404+3.10°  3.75+2.34¢
R ND 2.69+2.67% ND 434+£027° 3.48+0.06" 3.52+0.19®  3.77+020° 1.77+0.31%  2.14+2.16"  2.61+0.12%
ISR
it R ND 3.35+0.02" ND 4.13+0.04*  3.05+0.91° ND 3.57+0.21°  1.79+0.06 TR TR
R TR TR ND 0.79+£0.97 TR 4.47+1.92°  0.28+0.39° TR ND TR
RNERR  0.02+£0.04°  1.53+£1.43"  0.01£0.01°  0.14£0.25° 0.01£0.01*  0.87+0.51® ND 0.51£0.01° TR 0.38+0.04°
He
A ND TR ND 0.060.11° TR 0.65+1.13°  0.93+1.29"  25.89+0.56" TR TR
KAWL ND ND ND ND ND TR ND ND ND ND
MEE  6.16+1.07° TR 7.77£0.18*  0.05+0.10° TR ND TR 0.39+0.33  0.33+0.57  0.85+0.01°
IR 78.28+2.93° 141.46+4.14% 148.17+16.09° 140.01£0.89¢ 142.14+5.42% 204.55+10.56° 150.81+4.45% 260.01+1.48% 269.55+27.74" 241.95+3.21°

e R ING B 7m b i ) 2 5 B 35 (P<0.05), NDER/R K, TR /R s 363, 5. %6l
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Table 3 Amino acid composition of late birch sap before and after fermentation
PN S HR e (pg/mL)
BEEmANE
UFJ NEFJ BBI6 C10 B4 LB64 MKS2 MKS1 CI25 CI72
FItR AL
HEmB  0.65+0.15°  0.33+0.07°  0.90+£0.08°  0.49+0.04°  2.59+2.26°  1.05£0.13°  0.66£0.09°  0.65+0.64°  1.39+1.38"  0.55+0.21°
MR ND ND TR 0.054£0.05°  1.20£1.24°  0.21+0.36 TR TR TR TR
ZFHK  0.60£0.10° ND 0.54+0.49° ND 5.17£5.20°  0.30+0.34° ND ND ND 0.42+0.46"
IR ND ND ND ND ND ND ND 0.13£0.21"  1.67£0.67* ND
JHERR  98.04+3.34° ND ND ND ND 71.46+0.30° ND 89.09+1.84° 67.51422.09° 72.72+1.02°
B 2R ND 7.04£0.05°  7.2940.35*  7.32+0.02°  7.11+0.59" ND 3.81£3.52°  4.46x4.16°  5.914+2.93® ND
EPEERR 17.23£2.07°  17.72+2.31°  24.58+0.07° 20.35+1.22° 12.86£0.31° 17.59+0.13° 17.34£1.57° 18.85+5.90° 16.99+0.10° 17.13+0.45"
fif IR 2 SL TR
DR ND TR ND ND ND TR ND ND ND TR
KL 0.10£0.16°  0.53+0.73" ND ND ND ND TR 0.66+0.10° ND ND
IR R
R 1.5241.32°  2.10+0.03°  1.40+1.21° 2.07+£0.04°  2.18+0.01° ND 1.39£1.21°  1.36+1.18  2.08+0.00° 2.27+0.19°
WA 24122.12°  2.04+1.78*  3.03+0.05° ND 2.63+2.33° ND ND 1.88+1.63° ND ND
AR ND ND ND ND 3.44+3.10° ND ND ND 3.00+0.04° ND
SR 105.15£3.87° 106.57£0.64™ 100.79+1.22% 99.82+0.37° 101.56+3.17% 105.39+0.54™ 105.76+1.56 103.20£0.45" 86.38+2.25° 106.48+1.11°
SEEEIRE 5.5243.08°  7.36£2.60°  10.92£0.99°  6.05+0.53°  5.0142.76"  7.1442.52®  7.61+£1.81"  6.20+3.72° ND 5.2542.03°
MR ND 171£1.73°  2.60+£0.03" 327+0.38°  4.76+0.55°  3.05£0.38™  1.70+1.71° ND 0.25+0.23¢  2.67+0.79"*
IR IR
BEEEE  0.19+0.11°  0.68+0.77° ND 1.36£1.53°  1.76£0.58" 11.55+11.65" ND ND 0.84+0.95" ND
R ND 3.33+4.140  21.79+1.38 12.23£0.13°  7.97+1.95° ND 435+5.21¢ TR TR TR
ARNER 144155 0.06£0.06° TR ND 0.59+0.41* TR 0.02+0.03° TR 0.03£0.05*  0.06+0.10°
P TR TR ND ND ND TR ND ND TR TR
RAT R ND TR ND ND ND ND ND ND TR ND
R ND 0.18+0.31° TR TR TR ND TR TR 0.27+0.33° TR
B 232.30£10.02° 149.63+1.66° 173.85£0.65% 153.03+1.51¢ 158.83+23.10% 217.73+8.82 142.646.51¢ 226.48+2.45™ 186.32+27.64° 207.54+2.71°
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Table 4 Composition of volatile compounds in birch sap before and after fermentation
x| AT ST cast R bt CEET memd miGel
2
01 1-F 4R -2 TR B 2-Propanol, 1-methoxy- 107-98-2 1135 MS, RI 45 i, R 4
02 IETEE 1-Butanol 71-36-3 1143 MS, RI 56 KGR 50000
03 2-FHIL T 1-Butanol, 2-methyl- 137-32-6 1195 MS, RI 41 RE,EZH® 4150
04 2- T 2-Buten-1-ol 6117-91-5 1207 MS, RI 57 - -
05 154573 1-Pentanol 71-41-0 1239 MS, RI 42 whE 2540
06 3-HIBE-1- 1-Pentanol, 3-methyl- 589-35-5 1313 MS, RI 56 %%?%,%W 830
07 IEC 1-Hexanol 111-27-3 1340 MS, RI 56 HRE 1600
08 2-ZF W 1-Hexanol, 2-ethyl- 104-76-7 1480 MS, RI 57 &R 300
09 IR 1-Octanol 111-87-5 1548 MS, RI 56 R, B 100
010 2,3-T 2,3-Butanediol 513-85-9 1566 MS, RI 45 By, BMA 100000
011 IET R 1-Nonanol 143-08-8 1652 MS, RI 56 BT 1000
012 NIERAY 1-Decanol 112-30-1 1811 MS, RI 55 %E’%;ﬁ‘%‘% i 47
013 =B 1-Dodecanol 112-53-8 1967 MS, RI 55 iz 73
2
AL1 2-TIfmE 2-Butenal, (E)- 123-73-9 1057 MS, RI 41 SR, R 525
AL2 (SN Hexanal 66-25-1 1097 MS, RI 44 FLBR, R 3
AL3 T-wE Nonanal 124-19-6 1391 MS, RI 57 BT, MG 1
AL4 it Decanal 112-31-2 1500 MS, RI 57 T 3
ALS5 I Benzaldehyde 100-52-7 1534 MS, RI 77 2 SRR 3500
2
K1 2- I 2-Pentanone 107-87-9 984 MS, RI 43 R 1380
K2 RS T LR 4-Methyl-2-pentanone 108-10-1 1018 MS, RI 43 LT, W 700
K3 3-8 -2- 3-Penten-2-one 625-33-2 1139 MS, RI 69 - 1200
K4 2- B 2-Heptanone 110-43-0 1185 MS, RI 43 WA, FAE 300
K5 3-F25E-2- T Acetoin 513-86-0 1284 MS, RI 45 Wy 140
K6 3-FEEER Cyclohexanone, 3-methyl- 591-24-2 1334 MS, RI 69 %ﬁ’gﬁ’%ﬁ 460
K7 PP Bt P i 5-Hepten-2-one, 6-methyl- 110-93-0 1335 MS, RI 43 [ILEUS 50
K8 2R -3~ IR 2-Hydroxy-3-pentanone 5704-20-1 1359 MS, RI 45 R 250
K9 2- Tl 2-Nonanone 821-55-6 1385 MS, RI 58 #upgag; i 5
K10 PP - B T 2-Undecanone 112-12-9 1595 MS, RI 58 - 7
K11 2-F =R 2-Tridecanone 593-08-8 1848 MS, RI 58 ?mﬂﬁﬁj IR -
K12 6,10-—H%E-59-F—XUfi-2-Mi 5,9-Undecadien-2-one, 6,10-dimethyl- 689-67-8 1878 MS, RI 43 - -
K13 2-Fi bR 2-Pentadecanone 2345-28-0 2029 MS, RI 58 - -
72
ACI 1R Acetic acid 64-19-7 1440 MS, RI 43 R, BiR 25590
AC2 CR Hexanoic acid 142-62-1 1867 MS, RI 60 VYR 1800
AC3 2-HI3E3- AL bt ano S R T SR VN 71 - -
AC4 iR Octanoic acid 124-07-2 2060 MS, RI 60 (IS 910
AC5 T Nonanoic acid 112-05-0 2191 MS, RI 60 SR 208
AC6 IEZER n-Decanoic acid 334-48-5 2289 MS, RI 60 iR R 1000
2
El LR TR Ethyl Acetate 141-78-6 891 MS, RI 44 WEE, EE 3280
E2 ZIRIETRRR n-Propyl acetate 109-60-4 979 MS, RI 43 R 150000
E3 LR T TR Acetic acid, butyl ester 123-86-4 1083 MS, RI 43 FHES 27
E4 IR T g 2-Propenoic acid, butyl ester 141322 1178 MS, RI 55 - 2
ES ¥R Octanoic acid, ethyl ester 106-32-1 1429 MS, RI 88 W, REF 5
HA
1 2- IR Furan, 2-pentyl 3777-69-3 1229 MS, RI 81 BhKTT 6




5474 5B 5 HFIE , G ANFFLRR T R WX M B SR M A R A B 52 =309 -
k4
£ By
K3 R S 4R casy  mf bt CEET mes mEGen)
2 AT L-Menthol 2216-51-5 1638 MS, RI 81 A 950
3 g8 Phenol 108-95-2 2015 MS, RI 94 2R 5000
4 2,4- T H Phenol, 2,4-bis(1,1-dimethylethyl)-  96-76-4 2318 MS, RI 191 EN i 28.4
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Table 5 Content of volatile compounds in early birch sap before and after fermentation
Fk &Y & (mg/L)
UFJ NFJ BB16 C10 B4 LB64 MKS2 MKS1 CI25 CI72
S
0Ol  0.55+0.53" ND 1.05+0.10° ND 8.10£4.40°  3.95+2.73%  7.35+2.28"  8.95+3.64"  1.45+047°  11.25+7.19°
02 0.40+0.28  0.35+0.30°  2.85+0.41°  1.00£0.23"  0.85£0.38"  0.60£0.00*  0.60£0.00™  0.75+0.34™  0.65+0.19™  0.85+0.50
03 ND 0.40£0.16°  2.5040.58™  13.15+6.18*  1.85+0.30°  5.30+0.26°  0.50+0.20°  0.45+0.10°  1.80+1.28°  0.20+0.00°
04 0.15+0.10° ND 5.40+£3.24*  0.25+0.10°  0.25+0.10°  0.20+0.00°  0.40+0.00°  0.45+0.10° ND 0.20+0.00°
05 ND ND 0.40+0.23°  0.90£0.35°  0.45£0.10°  0.45+0.19°  0.20£0.00°  0.60£0.54  0.60+0.37*  0.35+0.30
06 ND ND 0.60£0.00"  0.70+£0.12®  0.55£0.19®  0.30+0.12° ND ND 0.95+0.87* ND
07  0.50+0.35°  0.50+0.20°  1.70£0.26"  1.30+0.12"  1.20£0.67°  1.00£0.37°  0.95£0.10™  1.10£0.38"  0.50+0.12°  0.75+0.44"
08  8.45+1.42° 11.40+10.21° 10.05£1.71° 33.05+2.33" 28.35+£6.17" 2535+6.05° 26.50+3.85 25.40+4.04* 24.80+3.17° 28.70+2.09®
09  0.40+0.23°  0.25+0.19"  0.75£0.30°  0.65+0.19®  0.75£0.19°  0.75+0.10"  0.60£0.00®  0.55+0.10"  0.45+0.10°  0.55+0.34®
010  0.20+0.16° ND 125.00£69.51° 197.25+16.87* 80.05+21.78" 47.80+29.87° 0.55+0.30°  3.30+1.47°  6.05+1.95° ND
o11 ND 0.15£0.10°  0.65+0.19°  0.40+0.00°  0.85+0.10°  0.75£0.10®  0.80+0.16®  0.40+0.16°  0.40+£0.23°  0.20+0.00°
012 ND ND 0.20£0.00°  0.20£0.00*°  0.20£0.00°  0.20+0.00°  0.20+0.00*  0.15£0.10®  0.10£0.12° ND
013 0.25£0.10°  0.15£0.10°  0.20+£0.00°  0.35+0.10®  0.35+0.10®  0.40+0.00°  0.35£0.10®  0.40+0.16°  0.40+0.00°  0.25+0.10°
2
ALl 26.30+1.50°  0.15£0.10°  7.90+1.47°  0.40+0.00° ND ND ND ND ND ND
AL2 0.75£0.41®  0.50£0.35°  0.75+0.72"  0.90£0.35®  0.95+0.25"  0.95+£0.34®  0.90£0.20®  1.05+0.30"  0.55+0.19"  0.55+0.10®
AL3  0.20£0.00°  0.60+0.28™  0.80+0.33°  0.65+0.19™  1.30+0.26°  1.00+£0.28™  1.10£0.48®  0.75£0.10°  1.05+0.38®  0.90+0.53"
AL4 ND ND 0.15£0.10°  0.20£0.00®  0.25+0.10®  0.30£0.12®  0.25+£0.10®  0.30+0.20  0.35+0.19°  0.30+0.20®
AL5  0.10£0.12*  0.15£0.10°  0.10£0.12*  0.45+0.19"  0.30+0.20*  0.20£0.00°  0.20£0.00°  0.45+0.38"  0.10+£0.12*  0.55+0.84"
[IEES
K1 13.00+0.00° ND 34.90+6.36" ND ND ND ND ND ND ND
K2  4.65£1.00°  3.30£1.59°  7.00£0.59°  6.05+0.19™  3.15£0.98°  4.65£0.25"°  4.00£0.28™  3.00£0.91°  5.05+0.19°  4.00+0.95"
K3  2.05+0.66°  0.60£0.46°  9.90+0.62*  0.80£0.00°  0.60+0.28° ND 0.55£0.10°  0.55£0.10°  0.60+0.16°  0.80+0.16°
K4 ND 1.15£1.10°  7.95£2.90°  0.35£0.10°  4.00£2.73"  3.65x0.44°  0.75+0.10°  0.45+0.10°  0.55+0.10°  0.90+0.26°
K5 ND 2.60£3.01¢  65.75+11.62* 127.25+17.78" 55.60+6.44° 63.90+4.69™  1.05£0.10°  12.50+4.18" 84.95+32.54" 19.45+13.92¢
K6 ND ND 0.70+0.35 ND ND ND ND ND ND ND
K7 ND 0.35+0.10° ND 0.60£0.00°  0.60£0.00°  0.50+0.12%  0.40+0.00°  0.80+0.37°  0.45+0.10*  0.50+0.12"
K8 ND ND 0.30£0.35°  1.05£0.10*  0.35+0.10™  0.30+0.12° ND ND 0.50+0.12° ND
K9 ND 0.40£0.46°  4.05%1.05° ND 1.15+0.30°  1.65+0.38"  0.20£0.00° ND 0.25+0.10°  0.25+0.10°
K10 ND ND 1.80+0.37* ND 0.60£0.16°  0.60+0.28" ND ND ND ND
K11 ND ND 0.70+0.12° ND 0.45£0.10°  0.20£0.16° ND ND ND ND
K12  0.20+0.00°  0.15+0.10°  0.20+0.00° 0.2+0.00°  0.45+0.10®  0.55+0.19"  0.25+0.10°  0.30+£0.12%  0.40£0.00°  0.35+0.10%
K13 ND ND 0.150.10° ND 0.20£0.00°  0.20+0.00° ND ND ND ND
ACl  5.05£2.66°  135£1.23° 62.75£12.31° 18.45+10.48" 32.60+28.78° 31.40+4.40° 66.70+2.67° 62.45+6.58" 31.20£0.85°  2.85+0.34°
AC2 ND 0.35£0.41°  1.65£0.38®  0.35£0.19°  2.05+1.31°  1.75+0.34®  0.80£0.00*  1.20+£0.16®  0.75+£0.19  0.95+0.25"
AC3  025£0.10°  0.15£0.10°  0.35£0.10®  0.40£0.28"  0.20£0.00°  0.25+0.10°  0.20£0.00°  0.30£0.12®°  0.20£0.00®  0.20+0.00°
AC4 ND 0.20£0.16°  1.40£0.59*  0.50+0.12%  0.50+0.20*  0.55+0.10°  0.25+0.10*  0.35£0.10*  0.20£0.00°  0.20+0.00°
ACS ND 0.40£0.46°  0.95+£0.55°  0.95+0.44°  1.15+0.34™  120£0.16®  1.45+0.38"  1.40£0.28°  0.45£0.10°  0.60+0.16™
AC6 ND ND 0.35£0.19° ND 0.25£0.10°  0.30£0.12®  0.25£0.10®  0.20+0.00° ND ND
A
El  4.60£0.8"  1.85t1.39"° 530116  6.10£1.61"  4.10£1.16™  2.70+1.81°  5.5543.64°  3.75£0.64™  5.35+1.28"  3.10£0.35°
E2  27.85+225% 11.10+11.83¢ 103.40+29.77° 46.40+1.21° 10.50+1.71¢ 25.80+4.17 14.55+2.02¢ 26.90+7.14% 28.50+12.91% 139.50+32.76"
E3  3.2540.44°  1.50£1.10°  7.35+2.68"  1.20+0.16°  2.00£0.59%  1.40£0.49°  125£0.25°  1.30£0.26°  1.65£0.34°  2.05+1.04%
E4 ND 0.15+0.10° ND ND 0.45+0.19°  0.20£0.00°  0.20£0.00°  0.45+0.25"  0.55+0.25"  0.30+0.12°
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UFJ NFJ BBI16 C10 B4 LB64 MKS2 MKS1 CI25 CI72
E5 ND ND 0.20£0.00°  0.20+0.00°  0.20+0.00° ND ND ND 0.30+0.12° ND
HoAt
1 ND ND 0.150.10° ND ND ND 0.15£0.10°  0.60+0.54° ND ND
2 ND ND ND ND 0.20£0.00°  0.20£0.00*  0.20£0.00°  0.20+0.00°  0.20+0.00°  0.20+0.00°
3 ND ND 0.20+0.00"  0.20+£0.00®  0.25+0.10°  0.20+£0.00™ ND 0.20£0.00"  0.15£0.10°  0.20+0.00®
4 1.80£0.77"  1.25+0.53° = 2.00+0.57*  1.65+0.19®  1.40+0.33"  1.85+0.44™  1.15£0.34"  1.30+£0.53"°  1.50£0.26™  1.35+0.10"
F 6 JEWEMERT KRR ER LY A
Table 6 Content of volatile compounds in late birch sap before and after fermentation
Bk Y& = (mg/L)
UFJ NFJ BBI16 C10 B4 LB64 MKS2 MKS1 CI25 CI72
02  0.20£0.23°  0.20£0.00°  0.20£0.00°  0.30+0.20°  0.25+0.10°  0.20+£0.00°  0.20£0.00°  0.25+0.10°  0.40£0.00"  0.65+0.66
03 ND 2.45+0.10*  0.80+0.00 ND 1.40+0.33 ND 1.50£0.58°  0.90+0.12°  3.95+£0.25*  0.70+1.00°
04 ND ND 0.40£0.00*  0.20+0.00° ND 0.25+0.10*  0.30+0.12° ND ND ND
07  0.10£0.12¢  0.40£0.00°  0.40+0.00°  0.50+0.20" ND 0.45+0.10"  0.55£0.10"  0.25+0.10°  0.40+0.00*  0.40+0.00
08  2.95+0.82°  3.65+0.25°  5.30£0.53°  3.30+0.26°  3.75x0.75° = 4.25£0.66°  4.05:1.11°  2.15+0.19"  4.95+0.44" 15.80+14.27°
09  0.20£0.00°  0.40+£0.00®  0.40+0.00"  0.50£0.12"  0.35£0.10°  0.55£0.10°  0.40£0.00®  0.20+0.00°  0.40+0.16®  0.55+0.30°
010 ND 0.55+0.38"  5.35+2.25%  2.15+£0.68™  1.00+0.86"  2.65+0.72°  5.45+3.87°  0.75£0.44™  0.45+0.10°  0.30+0.20°
O11 0.15£0.10°  0.30£0.12®  0.40+0.00*  0.30+0.12®  0.35£0.10®  0.40+0.00°  0.35:0.10®  0.20+0.00°  0.25+0.10°  0.25+0.10°
013  0.40£0.23*  0.45+0.10°  0.45+0.10'  0.40£0.00°  0.40£0.16°  0.40+0.00°  0.40+0.16"  0.45+0.10°  0.35+0.30°  0.35+0.19°
ALl 0.80+0.69° ND 0.20+0.00° ND ND ND 0.20+0.00° ND ND ND
AL2  0.20+0.00°  0.20+£0.00°  0.20£0.00°  0.45+0.25 ND 0.25£0.10°  0.20£0.00°  0.40£0.28®  0.45+0.10°  0.25+0.19®
AL3  0.20£0.00*  0.15£0.10°  0.20+£0.00%  0.50£0.12°  0.20£0.00®  0.25+£0.10°  0.20+£0.00%  0.20+£0.00%  0.20+£0.00  0.25+0.10°
[iEES
K1 ND ND ND ND ND ND ND ND ND ND
K2  6.85+0.66™  7.15£0.72"  6.35+£0.44°  8.30£1.31°  5.80+0.23"°  7.00+0.99"  6.55+0.19°  7.70£1.05®  6.30+0.12"  5.35+£2.40
K3 ND 0.35£0.10°  0.80£0.00°  0.55£0.10®  0.35£0.30*  0.75+0.19°  0.60+0.23*  0.20£0.00®°  0.20£0.00°  0.55+0.41*
K4 ND 0.204£0.00°  0.25+0.10°  0.45+0.19"  0.55+0.19"  1.154£0.53*  0.20+£0.00°  0.65+0.10°  0.45+0.10®  0.40+0.28"
K5 ND 7.95+2.14°  17.90£4.74™  21.40£9.90° 10.15+1.84>  14.20£4.19° 9.80+£5.66™  7.40+0.71°  6.45£1.18°  6.65+0.81°
K9 ND ND ND ND 0.20+0.00° ND ND ND 0.20£0.00°  0.25£0.10°
K12 0.20£0.00° 0.30+0.12®  0.40+0.16*  0.40+0.16*  0.30+0.12®  0.30+0.12®  0.30+0.12*  0.25+0.10® 0.35+0.10®  0.35+0.10®
ACl  0.95£0.34% 16.05£1.26™ 32.15+6.41° 21.15£7.25"  9.25£2.29°  24.95£5.44™ 22.15£9.31° 7.20£0.91° 14.25+2.41°  7.30+5.28%
AC2  0.30+0.35°  2.05£0.30°  1.60£0.16™  0.85+0.25™  1.35£0.84°  1.15+0.19°  0.95+0.19°  0.95+0.19" ND 1.35+0.70°
AC3  0.35£0.19®  0.30+0.12"  0.40£0.16®  0.15£0.10°  0.30+0.12®  0.30+0.12®  0.30£0.12®  0.40£0.00®  0.45£0.19*  0.25+0.10°
AC4 ND 0.75£0.10°  0.50+0.12°  0.30+£0.12°  0.45+0.19°  0.35+£0.19°  0.35+0.10°  0.45+0.19°  0.30+£0.20°  0.40+0.28"
AC5 0.25+0.10°  1.50£0.12™  2.70£0.81°  1.25+0.60"  1.05£0.60™  1.75+0.53"  2.35£0.66™  2.55+0.38"  0.35£0.10°  0.80+0.54°
AC6 ND 0.20£0.00®  0.25+0.10®  0.15+0.10°  0.15£0.10°  0.25+0.10®  0.20£0.00®  0.30+0.12° ND ND
S
El  1.90£1.41°  0.75+0.10*  3.30+0.81° 1.40£0.23°  1.20£0.28°  2.50+0.82"  2.40+0.82  0.70£0.12°  1.70+0.87°  2.15+1.68%
E2  1.70£0.12° 11.25£0.41" 18.70£2.96° 22.70+4.02° 14.20£2.96"° 21.05+1.18" 13.90£7.65" 12.05+0.55" 17.15£1.25° 59.30+49.43°
E3  0.50+0.12°  0.80+0.16°  2.85+1.06°  2.45£1.00®  1.00£0.16™  2.30+£0.58  1.70+0.48™ 1.25+0.10* 1.10£0.26  1.75+1.11°
E5 ND 0.30+0.12° ND ND 0.35£0.19°  0.10£0.12° ND 0.10£0.12° ND ND
HoAth
4 1.40£0.16°  1.25+0.25°  0.70£0.12°  0.60+£0.00°  1.35£0.41°  0.80+0.16°  0.80+0.16°  0.75+0.10°  6.30£7.81*  1.35+0.34°
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Fig.4 Clustered heatmap of volatile compound content in birch sap before and after fermentation
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